Figure 4 Photomicrographs showing immunolocalization of
leukemia inhibitory factor, 15-hydroxyprostaglandin dehydroge-
nase, and Ki 67 on LH+6 of control cycle (A, D, and G) and after
treatment with onapristone (B, E, and H) and mifepristone (C,
F, and I). Scale bar, 50 um. (A), Secretory endometrium from
LH +6 of control cycle displayed intense leukemia inhibitory fac-
tor immunoreactivity (brown) in cytoplasm of glands and moder-
ate immunostaining in stroma. Occasional discrete stromal cells
(arrow) observed to exhibit leukemia inhibitory factor immunore-
activity. Endometrium taken 4 days after onapristone (LH+6)
(B) and 4 days after mifepristone (LH+6) (C) displayed faint or
absent leukemia inhibitory factor immunoreactivity in cytoplasm
of glands and moderate immunostaining in stroma. (D), Endome-
trium on LH+6 of control cycle displayed positive 15-hydroxypros-
taglandin dehdrogenase immunoreactivity (brown staining) in cy-
toplasm of glands. Endometrium 4 days after onapristone (LH+6)
(E) and 4 days after mifepristone (F) shown with reduced 15-
hydroxyprostaglandin dehydrogenase immunostaining. (G), Se-
cretory endometrium from LH+6 of control cycle shown with very
occasional Ki 67 immunostaining (brown) in glands and stroma.
Endometrium taken 4 days after onapristone (LH+6) (H) and 4

days after mifepristone (LH+6) (I) displayed considerable Ki 67

immunostaining (brown) in nuclei of both glands and stroma.

LH+12 after administration of mifepristone (P
< 0.005) (Fig. 5).

DISCUSSION

The human blastocyst is believed to enter the uter-
ine cavity approximately 4 days after ovulation and
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to begin implaniation at around the 6th day (17).
The histologic appearance and immunohistochemis-
try of the endometrial biopsies taken at these stages
of the cycle (LH+4 and I.LH+6) after treatme:t with
the antiprogestins would suggest that uterine re-
ceptivity had been affected adversely. Hist,oldgi-
cally, the endometrium was retarded and secretory
changes were either absent or poorly developed.
These findings are consistent with previous studies
using mifepristone (3, 4) and onapristone (5).

Our finding of leukemia inhibitory factor immu-
nostaining in cytoplasm of both glands and stroma
of secretory endometrium from control cycles, to-
gether with increased iinmunoreactivity in glandu-
lar epithelium around the expected time of implan-
tation (LH+6), confirms a recent report regarding
the immunolocalization of this cytokine in endome-
trium (9) and is in contrast to a previous report
that it was confined to epithelium (8). It has been
demonstrated previously that certajn lymphoid
cells within the decidua express leukemia inhibi-
tory factor mRNA (18). In view of this, it is possible
that the stromal cells in control-cycle biopsies that
were observed to exhibit discrete leukemia inhibi-
tory factor immunoreactivity are also hemopoietic
cells. Although leukemia inhibitory factor has been
shown to be critical for implantation in mice (19), its
precise biologic role in the human is still uncertain.
However, the temporal expression of leukemia in-
hibitory factor in endometrium and the coexpres-
sion of its receptor in the embryo would suggest
that leukemia inhibitory factor may also play a role
in the implantation process (8). Indeed, recent stud-
ies also have demonstrated that leukemia inhibi-
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Figure 5 Concentrations of glycodelin measured in serum on
day LH+12 of control and treatment cycles. Means = SEM; *P
< 0.005.
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tory factor significantly enhances the blastocyst for-
mation rates of human embryos in culture systems,
suggesting that leukemia inhibitory factor is im-
portant for embryo development (20). There also
have been reports of lower levels of leukemia inhibi-
tory factor in uterine flushings of women with unex-
plained infertility compared with those taken from
fertile controls (Laird SM, et al., abstract). Thus
the reduced glandular immunostaining observed on
LH+6 of treatment cycles, a time that corresponds
to the beginning of the implantation window, would
suggest that treatment with mifepristone and ona-
pristone had affected adversely endometrial recep-
tivity.

The administration of onapristone or mifepristone
in the early luteal phase inhibited the appearance
of 15-hydroxyprostaglandin dehydrogenase and pre-
vented the down-regulation of estrogen and P recep-
tors in the glands in the midluteal phase of the cycle.
The fact that antiprogestins inhibited the increase
in leukemia inhibitory factor suggests that the in-
creased immunostaining for leukemia inhibitory fac-
tor in the glands during the luteal phase of the nor-
mal cycle is because of the action of P. It has been
reported that P either does not have (21) or has an
inhibitory effect on the production of leukemia inhib-
itory factor bv isolated endometrial epithelial cells
cultured in vitro (Laird SM, et al., abstract).
Whether these studies using isolated cells in vitro
are relevant to the events occurring in the intact
tissue in vivo is difficult to determine.

The faint or absent immunostaining for the cell
proliferation marker Ki 67 in glands and the occa-
sional stromal staining observed in control-cycle bi-
opsies are consistent with the inhibitory effect of
progesterone on proliferation. The increased immu-
nostaining of Ki 67 in treatment cycle biopsies, par-
ticularly within the glandular compartment, is in
keeping with previous reports of a greater number
of mitoses in endometrium after mifepristone has
been administered in this way (4). This effect is con-
sistent with progesterone antagonism and retarda-
tion of secretory transformation.

As found with onapristone, the effects of postovu-
latory mifepristone on the endometrium would ap-
pear to be long-lasting, because both antiprogestins
produced a significant suppression in the serum lev-
els of the endometrial protein glycodelin, measured
10 days after their administration. It is particularly
interesting that this effect was observed after treat-

ment with onapristone, in view of the short half-life

of this compound and the absence of detectable levels
in plasma 4 days after administration of 400 mg (5).
This would suggest that the inhibitory effects of both
antiprogestins on glycodelin are a consequence of
}052 Cameron et al. Antiprogesterones on endometrium
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early changcs induced in the endometrinm soon
after their administration.

Although neither antiprogestin affected ihe length
of the luteal phase, significantly greater leveis or
pregnanediol glucuronide were measured after
treatment with mifepristone but not afte: onapri-
stone. The reason for this is unclecr. Concentrations
of progesterone and urinary LH have beeiw reporteg
previously to be elevated aftter early luteal phace
administration of mifepristone (3). Although no sig-
nificant changes in LH were observed in our study,
it is possible that an increase in pregnanediol gluc-
uronide could have arisen from an increase in LH
pulse frequency as has been described previously fol-
lowing administration of mifepristone in the luteal
phase (Critchley HOD and Baird DT, abstract). It is
possible that the absence of an effect of onapristone
on levels of pregnanediol glucuronide is related to
the short half-life of this compound.

Although both antiprogestins have affinity for the
glucocorticoid receptor, neither mifepristone nor
onapristone exerted significant effect on the pitu-
itary-adrenal axis in the doses used in this study.
This is compatible with previous reports (3, 5).

Episodes of bleeding similar to those that occurred
shortly after administration of mifepristone and
onapristone in this study are well documented and
are thought to be because of a direct effect of the
antiprogestin on the endometrium (3, 5). It is of in-
terest that this study revealed that endometrium
taken in such circumstances is similar both histolog-
ically and immunohistochemically to antiprogestin-
treated endometrium in which bleeding is not in-
duced. Although this sort of bleeding might affect
the usefulness of postovulatory antiprogestins as a
regular method of contraception, with the exception
of the subject who received onapristone late, these
bleeding episodes were very light.

Recent trials have demonstrated the effectiveness
of mifepristone for preventing pregnancy when
taken in the periovulatory period as either a postco-
ital or once-a-month contraceptive (22, 23). Previous
studies have suggested that such antifertility effects
are likely to be a consequence of effects that render
the endometrium hostile to implantation. It has been
demonstrated that following early luteal phase ad-
ministration of antiprogestins, the P-dependent
down-regulation of estrogen and P receptors is inhib-
ited (3-5) and there is reduced lectin binding in
glands, indicating inhibition of secretory transfor-
mation. In this present study we have shown that
mifepristone and onapristone_also have a profound
effect on the expression and secretion of endometrial
factors that may be of importance for the implanta-
tion processes. This adds further insight into the
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nossible mechanisms by which postovulatory anti-
progestins exert their antifertility effects.
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OfICINAL RESEARCH ARTICLE

Effect of Once Weekly Administration

of Mifepristone on Ovarian Function in

Normal Women

Xmlian Chen and Bilian Xiao

The effects of mifepristone on ovarian function during a
once weekly oral administration regimen were studied in
nine healthy women. Each received 25 mg mifepristone on
cycle days 3, 10, 17, and 24. Ovulation, as documented by
hormonal measurements and ultrasonography, was inhib-
ited during treatment in five subjects, with a midcycle
surge of luteinizing hormone and ovulation occurring 6-18
days after the last pill was administered in four of the five
subjects. These five treatment cycles were prolonged 9-26
days. The other four subjects had normal cycles as judged
by serum hormone levels, ultrasonography. and cycle
length. All nine subjects had delayed endometrial growth
as indicated by ultrasonography. There was a significant
correlation between concentrations of serum mifepristone
(10 h and 58 h) and o'-acid glycoprotein, the protein to
which mifepristone binds in circulation. Response to mife-
pristone did not depend on its circulating levels. We
conclude that once weekly administration of 25 mg mife-
pristone can interfere with normal follicular development
and function, but the inhibition of ovulation was
inconsistent. CONTRACEPTION 1997;56:175-180 © 1997
Elsevier Science Inc. All rights reserved.

KEY WORDS: mifepristone, ovulation, a,-acid glycoprotein

Introduction
ifepristone is well recognized in many coun-
Mtries as an effective drug for termination of
early pregnancy. It has other potential uses
in fertility control, such as inhibition of ovulation,
prevention of implantation, and induction of men-

strual bleeding. There have also been attempts to
develop mifepristone as a contraceptive agent.!

Many regimens involving mifepristone have been’

studied, including daily, weekly, and monthly admin-
istration as well as its use for emergency contracep-
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tion and in sequential pills for contraception with
synthetic progestin. However, all these regimens
must be studied further. In view of the long half-life of
mifepristone, its effects on the reproductive system in
different phases of the menstrual cycle, and its possi-
ble acceptability by women, once-a-week administra-
tion of mifepristone may be a potentially good con-
traceptive method. .

An intermittent mifepristone regimen has been
used to suppress ovulation in monkeys; administra-
tion once per week of 25 mg mifepristone orally
blocked the expected luteinizing hormone (LH) and
follicle-stimulating hormone (FSH) surge, and proges-
terone levels remained undetectable. Ovulation inhi-
bition was not evident when 12.5 mg mitepristone
was administered once weekly.? Similar studies in
normal women have been reported. Weekly adminis-
tration of 10 mg mifepristone appears to be at the
threshold for suppression of follicular development.
Administration of 50 mg mifepristone can inhibit
ovulation and corpus luteum function.® The present
study was designed to determine the effect of mife-
pristone on ovarian function when administered
once-a-week orally to normal women.

In human serum, mifepristone binds specifically to
a,-acid glycoprotein (AAG). The binding of AAG to
drugs is of high affinity and low content.* Variations
in AAG concentration may affect the metabolism and
effects of mifepristone in individuals. In this study,
we also investigated the serum concentration of AAG
in order to determine its relation to mifepristone level
and efficacy. ,

Materials and Methods

Nine volunteer normal Chinese women aged 32 t0 40
years (mean age 35.7 = 2.8 years) were recruited for
this study. They had regular menstrual cycles of
26-36 days. Either an intrauterine device or a barrier
contraceptive was used for contraception during mife-
pristone treatment. Each volunteer was carefully
counseled and gave informed consent. After admis-
sion, a control cycle of daily basal body temperature
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Table 1. Serum concentration of LH, FSH, E,, P, mifepristone, and AAG

Respcnse N LHI{IU/L)" FSH (IU/L) E, (pmol/L)" P (nmol/L) Mifepristone (ng/L) AAG (mg/L)
Anovulationt 1 6.7 3.76 183.4 1.9 322.8 362.7

Delayed ovulationt 4 36 =273 81=33 45873651 178=124 202.8 =517 349.9 > 190.]
Normal ovulationt 4 659 = 373 18455 5496 68.1 357 =159 208.1 = 68.5 406.6 = 1705

LH, luteinizing hormone; F5H, follicle-sumulating hormone; E,, estradiol; P, progesterone; AAG, a-1-acid glycoprotein.

“LH, FSH, E,, are preovulatory peak values.

tIn the «noulation case there was no peak. The mean values of all samples are given.
*In the delayed ovulation group the peak value occurred on cycle day 30-42, whereas in the normal ovulation group the peak value occurred on cycle day
10-17. Values given in he delayed and normal ovulation group are the means = SD of four cases in each group.

(BBT) was recorded to rule out an anovulatory cycle.
Mifepristone treatment began in the subsequent cy-
cle. Each subject received 25 mg mifepristone (Shang-
hai Hualian Pharmaceutical Corp., Shanghai, China)
orally at 10:00 pM on cycle days 3, 10, 17, and 24.
Blood samples were collected every other day at 8:00
AM for one treatment cycle, starting on the second day
of the first pill. Serum was separated and stored at
—20°C until assay. Follicular growth was monitored
by vaginal ultrasonography (Bruel & Kjaer, Denmark).
The study was approved by the Ethics Committee of
the National Research Institute for Family Planning.

Serum LH and FSH were measured by enzyme
immunoassay (EIA). Serum estradiol (E,) and proges-
terone (P) were measured by radioimmunoassay
(RIA). Reagents and methods for RIA and EIA were
supplied by the World Health Organization (WHO).
Mean intra-assay coefficients of variation (intra-CV)
were 3.52%-6.56% for RIA of E, and P, and 1.73%-
3.46% for EIA of LH and FSH. Mean interassay
coefficients of  variations (inter-CV)  were
7.42%-11.76% for RIA of E, and P, and 7.28%-7.88%
for EIA of LH and FSH. Serum levels of mifepristone
were determined by HPLC as described by He et al.®
Serum concentrations of a-1-acid glycoprotein {AAG)
were measured by ELISA. ELISA for AAG was modi-
fied in our laboratory according to the following
procedure. Goat antiserum to human AAG (Shanghai
Institute for Biological Product, Shanghai, China) was
purified by saturated ammonium sulfate and DEAE-
cellulose column to obtain the IgG fraction of the
antiserum. Goat IgG to human AAG was conjugated
to horseradish peroxidase (Sigma, St. Louis, MO).
Microtiter plates (Nunclon, Delta, Denmark) were
coated with the purified antiserum to human AAG
(titer 5 mg/L) at 4°C overnight and then were washed
with phosphate-buffered saline-Tween20 (PBST). The
coated plates were successively incubated with stan-
dard AAG (cat. no. G9885, Sigma; dilutions 1.56, 3.13,
6.25, 12.5, 25, and 50 pg/L) or serum samples (predi-
luted 5000-fold in PBST) and antihuman AAG-conju-
gate (diluted 15,000-fold in PBST). All incubations
were for two hours at 37°C. All reagents and samples

-

MIF 007405

were added to the wells in 100 pL volumes, and each
incubation was followed by washing with PBST. Next
the substrate solution (0.4 g/L o-phenylenediamine
dihydrochloride, 100 puL per well) was added to the
wells. After 15 min at 37°C, the reaction was termi-
nated by adding 50 pL of 4N H,SO, per well. The
absorbance was measured at 492 nm with Titertek
Multiskan (Flow Laboratories, Helsinki, Finland).
The intra-CV for standards of low, middle, and high
concentration were 2.26%, 3.22%, and 3.58%, respec-
tively. The inter-CV for standards of low, middle, and
high concentration were 12.9%, 3.52%, and 4.26%,
respectively.

Results

All nine subjects had ovulatory control cycles as
judged by BBT. None of the subjects had any unto-
ward effects consequent to the administration of
mifepristone. On the basis of serum levels of LH,
FSH, E,, and P, follicular development, and ultra-
sonography, the ovarian responses to the once-weekly
administration of mifepristone manifested three dif-
ferent patterns: anovulation (1 case), delayed ovula-
tion (4 cases), and normal ovulation (4 cases). The
data are summarized in Table 1.

Figure 1 depicts the response to mifepristone in the
one anovulatory subject. No midcycle LH and FSH
surge or ovulatory E, and P profile occurred. Ultra-
sound scanning showed no dominant follicle <12
mm. Her cycle length was 4 days longer than the
control cycle.

In the delayed ovulation pattern, four subjects
shared some common characteristics: during treat-
ment with mifepristone, the serum LH, FSH, E,, and
P remained at low levels, and there was no LH and
FSH surge. During this same period, the maximum
follicular diameter was <15 mm. LH and FSH surges,
which were proceeded by a rise in E, and followed by
an elevation in P levels, occurred 6 to 18 days after the
last pill of mifepristone in three subjects. In the other
subject, there were late elevations in E, and P around
day 30. Ovulation in all four subjects was evident
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Figure 1. Patterns of serum luteinizing hormone (LH,
Q), follicle-stimulating hormone (FSH, A), estradiol (E,,
®), progesterone (P, O), mifepristone {@®), a-1-acid glyco-
protein (AAG, B}, and follicular diameter (*) during the
treatment cycle in subject 1 receiving 25 mg mifepristone
orally on cycle days 3, 10, 17, and 24. | indicates
administration of mifepristone. This subject, 32 years
old, with an ovulatory control cycle of 34 days, exhibited
no ovulation, as indicated by no LH and FSH surge, low
levels of E, and P, and ultrasonography during mifepris-
tone treatment.
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after the last pill by sonogram and BBT. Their cycle
lengths were prolonged 9-26 days. Figure 2 shows the
response of subject 3, representative of the second
pattern in the treatment cycle.

During treatment, four subijects exhibited normal
ovulatory cycles. Serum levels of IH, FSH, E,, and P
were all within normal ranges. Both sonogram and
BBT indicated ovulation. There was no significant
difference between the cycle length in control and
treatment cycles. Figure 3 depicts the response of
subject 6, representing the normal pattern of ovarian
response to the once-weekly administration of mife.
pristone.

There were no significant differences in serum
levels of both AAG and mifepristone among subjects
whether ovulation was inhibited, delayed, or normal.

Mifepristone levels in subject 9 were signifi-
cantly different from the other eight subjects. In
subject 9 the concentration of mifepristone in-
creased consistently with a maximal value 106 h
after each tablet administration, while in the others
the concentration of mifepristone was highest 10 h
after drug ingestion. Serum AAG levels correlated
with mifepristone levels at 10 h (r = 0.396, p <0.05)
and 58 h (r = 0.480, p <0.05) after drug ingestion in
subject 1-8 (Figure 4).

During treatment with mifepristone, the endome-
trium grew slowly. The thickness of endometrium
measured by ultrasonography in the treatment cycle
was less than normal. All subjects noted that their
menstrual bleeding was less than in normal cycles.

Discussion

In this study, variable responses to 25 mg mifepris-
tone once weekly were observed. Ovulation was in-
hibited, delayed, or normal in the subjects. The rea-
sons for these differences could be multiple. With a
limited dose level, individual variability to the effects
of mifepristone could be great.

Mifepristone levels differed markedly among indi-
viduals. The circulating levels of mifepristone did not
explain the inconsistent inhibition of ovulation. Ovu-
lation was inhibited in some subjects with high

‘mifepristone levels, but in others, ovulation was

suppressed with low mifepristone concentrations.
Spitz et al. reported that when mifepristone (50 mg/
day for 3 days) was administered every 10 days, there
was still an endocrine profile compatible with corpus
luteum function in the one subject with the highest
circulating mifepristone levels.?

The three main metabolites of mifepristone, mo-
nodemethylated, didemethylated, and hydroxylated
metabolites, can bind with the progesterone recep-
tor.S In the rat, these metabolites can also terminate
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Figure 2. Patterns of serum luteinizing hérmone (LH, O),
folliclc-stimulating hormone (FSH, a), estradiol (E,, *)
progesterone (P, O), mifepristone (@), a-1-acid glycoprotein

(AAG, W), and follicular diameter (*) during the treatment

cycle in subject 5 receiving 25 mg mifepristone orally on
cycle days 3, 10, 17, and 24. ! indicates administration of
mifepristone. This subject, 36 years old, with an ovulatory
control cycle of 30 days, exhibited a delayed ovulation, as
indicated by LH and FSH surge, ovulatory levels of E, and P,
and ultrasonography during mifepristone treatment.
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Figure 3. Patterns of serum luteinizing hormone (LH,
0), follicle-stimulating hormone (FSH, a), estradiol (E,,
#|, progesterone (P, O), mifepristone (@), a-1-acid glyco-
protein (AAG, H), and follicular diameter {*) during the
treatment cycle in subject 6 receiving 25 mg mifepristone
orally on cycle days 3, 10, 17, and 24. | indicates
administration of mifepristone. This subject, 36 years
old, with an ovulatory control cycle of 28 days, exhibited
normal ovulation, as indicated by no LH and FSH surge,
ovulatory levels of E, and P, and ultrasonography during
mifepristone treatment. 1 4 5
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Figure 4. Correlation between serum AAG and mifepris-
tone levels in 8 subjects who received 25 mg mifepristone
on cycle days 3, 10, 17, and 24. In panels A and B,
mifepristone concentrations were at 10 h and 58 h after the
pill intake, respectively.

early pregnancy.” Although their effects in the human
have not been studied, the metabolites need to be
considered because of their high levels in serum and
binding with progesterone receptor. It is possible that
variations in mifepristone metabolism might account
for the variable degree of ovarian suppression. Further
studies on the metabolism of mifepristone and the

effect of the metabolites may help to elucidate the

differences among individuals.

It has been previously demonstrated that as little as
1 mg mifepristone administered daily for 5 days in the
preovulatory phase, in the presence of ultrasonic
evidence of development of the dominant follicle,
will delay or abolish the LH surge and ovulation.®
Moreover, Ledger et al. have shown that 2 mg mife-
pristone administered daily can inhibit ovulation
successfully.® Once-weekly administration of 25 mg
mifepristone, as given here, might not maintain ef-
fective concentrations continuously. On the other

3
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hanq, cven 50 mg mifepristone for 3 consecutive days
admm;stersed every 10 days did not uniformly inhibit
ovulation.

Individual peak levels of mifepristone at higher
single doses, such as 400 mg, 600 mg, and 800 mg,
were reported to correlate positively with mean AAG
concentrations.'® This was also shown in our studies
with 25 mg mifepristone. Because of the binding
characteristics of drugs to AAG, AAG is often the
major determinant of variability in plasma protein
binding both among individuals and within individu-
als.!! The positive correlation of mifepristone with
AAG shown in the present study may be one of the
factors for differences in mifepristone concentration
among individuals.

The present results indicate that once-weekly ad-
ministration of 25 mg mifepristone is ynable to cause
consistent inhibition of ovarian function. Progestin-
only contraceptives also rely on thickening of cervical
mucus, endometrial asynchrony, and possible distur-
bances of oviductal function in addition to inhibition
of ovulation. It has been reported that once-weekly
administration of 2.5 mg or 5 mg of mifepristone
disturbs endometrial development and the normal
decrease in progesterone receptor concentration. Fur-
thermore, the secretory activity of the endometrium
is strongly impaired.'> The mechanism of intermit-
tent treatment with mifepristone needs further study,
including the effects on endometrium, cervical mu-
cus, and fallopian tube. The integration of studies on
the hypothalamic-pituitary-ovarian axis and its target
organs may give a clear view of mifepristone’s mech-
anism of action. Moreover, intermittent administra-
tion of mifepristone might still provide effective
contraception regardless of is effectiveness via inhib-
iting ovulation.
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Summary

The hypothalamic-pituitary-adrenal axis is inhibited via negative feedback.

which in rats is mediated via type I and II steroid receptors. Although these

receptors are present in neural tissue in man. their respective roles have not

been systematically examined. Fast-feedback is the first component of negative

feedback, occurs within two hours, and is sensitive to the rate of rising cortisol

levels. This study examines the role of type I & II steroid receptors in

mediating fast-feedback. A within subjects design was used. Subjects were

pre-treated with placebo. spironolactone 200mg or RU486 (mifepristone) - type

I & II antagonists respectively. This was followed by infusion of either placebo -
or hydrocortisone. 8 healthy male volunteers were studied on four separate

occasions. Plasma cortisol and ACTH were measured by RIA. Significant

elevations of morning basal ACTH and Cortisol following RU 486 relative to

_placebo or spironolactone were observed. ACTH responses to hydrocortisone

(i.e. feedback) were not altered by prior administration of spironolactone. In
contrast. RU 486 pre-treatment resulted in a significant attenuation of fast-

feedback. These results indicate that type II receptors mediate the fast-feedback

phase of negative feedback in man. :

Lov Words: type 11 glucocorticoid receptors, hypothalamic-pituitary-adrenal axis, cortisol, ACTH, RU 486

Cortisol, the principal glucocorticoid in man. is essential for life. The physiological effects
are both ubiquitous and profound, modulating adaptation to 2 fluctuating environment, via for
example, its effects on intermediary metabolism. immune function in addition to its
mineralocorticoid actions on electrolyte and fluid balance (1). As it is integral to the
maintenance of cellular function. it is imperative that cortisol is in trn subject to strict
regulation. [Its release by the hypothalamic-pituitary adrenal axis (HPA axis) 1s carefully
determined by the interaction of three principal controlling mechanisms. Circadian rhythm
and response to stress serve 10" "drive” the HPA axis to produce cortisol whereas negative

“Corresponding author: J M Cooney, Department of Psychological Medicine, St Bartholomew’s
Hospital. West Smithfield London EC1A 7BE UK, Tel.: 44 171 601 8138, FAX: 44 171 60!
“969. ;
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feedback switches off production and thus maintain homeostasis. the balance between
stimulatory and inhibitory influences (2). The importance of over- and under-activity f the
HPA can be seen in the association with disease states, classically Cushing’s and Addicop's
disease respectively. Significant perturbations of HPA activity have been identified in other
conditions such as major depression (3) and chronic fatigue syndrome (4) and have been
postulated to be of pathological significance in these conditions.

The zonae fasiculata and reticularis of the adrenal cortex are the chief sites of cortisol
production and secretion which are regulated by ACTH (1). Under the influsnce of the
circadian rhythm, release occurs in bursts whose amplitude is greatest during acrophase a
approximately 0800h. This pulsatile pattern is stimulated by corticotropin releasing hormone
(CRH) t arginine vasopressin (AVP) from hypothalamic neurones that receive afferen:
connections from the suprachiasmatic nucleus. In contrast to peak activity. the nadir s
characterised by little CRH/AVP stimulation because removal of the restraining effects of
negative feedback by metyrapone blockade of cortisol production, does not result in a surge
of ACTH or cortisol (5). Furthermore. this circadian rhythm does not require a functioning
negative feedback system as it has been shown to function despite hypocortisolaemia (6). So.
these systems controlling HPA activity are independent but continually combine and interact
to determine ACTH and cortisol levels.

Negative feedback has a number of different components, distinguished possibly by differences
in mechanism and recognised by their time of onset following the elevation of cortisol (7)
When suppression of ACTH occurs between minutes and two hours. this is termed fast-
feedback. This is sensitive to the rate of rise of cortisol level. Delayed feedback occurs in
two phases, early (within two to four hours of increase in cortisol) and late. which occurs afier
this and these are activated by the peak level of cortisol reached (7).

Feedback systems are mediated via a dual receptor system in rats, sheep, horses and primate-
with some evidence for such a system in man. This system is comprised of the type I or
mineralocorticoid (MCR) receptor and the type 11 glucocorticoid receptor (GCR) (8). Tpe
I receptors, which have a predominantly septo-hippocampal distribution, have a high affini
but low capacity for cortisol in contrast to the widely distributed type 1I receptor which ha
a low affinity but high capacity for binding cortisol. In animal species, these work in concert
with the MCR regulating basal circadian output and the GCR controlling peak circadian and
stress induced peaks of cortisol. Furthermore there is evidence that it is the GCR, at least in
rat, that is responsible for mediating fast-feedback (9).

To date, there has been little data from human studies evaluating the respective contributions
of the MCR and GCR in regulating the HPA axis. The aims of this study are (wofold
Firstly, to examine the relative contribution of these receptors to the basal circadian peak ol
both ACTH and cortisol production and secondly, to examine their respective roles In
mediating the fast-feedback phase of autoregulation of HPA activity. This was achieved using
the selective antagonists spironolactone (SPI)(which acts at type I receptors) and RU486 or
mifepristone (MIF). a selective type II antagonist (10, 11).

Methods

Eight healthy male volunteers, aged 23 - 38 years and of normal body weight (69 - 94kg!
were recruited from staff and students of the Department of Psychological Medicine. All werc
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iree of physical illness and in particular had no history of endocrinopathy or psychiatric
Jisorder. None had a history of drug or alcohol abuse. Prior to the studies, a physical
.xamination was performed in addition to baseline estimation of full blood count. urea and
clectrolytes, liver and thyroid function tests. Informed consent was obtained, and approval
from the local ethics committee.

Each subject was tested on four separate occasions at least one week apart over an eight week
period. Studies were performed in a single blind, randomised order. At 2300h, the night
hefore tests days, subjects were administered either placebo (PLA), RU486 400mg or
spironolactone 200mg. On each test day, subjects were kept fasting from midnight and had
122G cannula inserted into forearm veins bilaterally at 0830h, and sealed with a rubber bung.
These were kept patent using a heparin / saline solution. All were required to remain
recumbent throughout the test period. Infusions of either hydrocortisone (Solu-Cortef,
nvdrocortisone as the sodium succinate, Upjohn Lid, Crawley, UK) Sug.kg'.min' in0.9%,
normal saline or an equal volume of 0.9% normal saline were administered. The infusions
were given over a 60 min period between 0900 and 1000h using a metered syringe pump
[IVAC.P2000. Wellmed Lid, Hampshire, UK). The four conditions were (1) placebo +
placebo (2) placebo + hydrocortisone (3) spironolactone + hydrocortisone (4) RU486 +
hvdrocortisone.

Blood samples were taken from the arm contralateral to the infusion at -15min (0845), 0,
+15. +30. +45. +60, +90. +120. +150, +180. Eight mi of blood was taken at each time
point with immediate division of 4ml to an EDTA containing tube and 4mls to a tube with no
anticoagulant. Blood was immediately centrifuged and stored at -70°C. :

Plasma cortisol and ACTH were analysed in batch blind to subject status. Cortisol was
measured with a radioimmunoassay (Cunnah et al, 1987). ACTH was measured using a
commercially available IRMA (Nichol Institute, Ca. USA) with a detection limit for plasma
ACTH of < 0.44pmol.1". The inter- and intrassay coefficients of variation were <5% across
the working range of the assay (0.44 - 308pmol.I').

Data were analysed by means of Statgraphics. version 7 (Statistical Graphics Corporation,
1993). Baseline cortisol and ACTH values were calculated as the mean of -15 and 0 min

amples. 1-way and two-way analysis of variance (ANOVA) with appropriate post-hoc

comparisons were used where appropriate. AACTH was calculated as the maximal deviation
from placebo values. between O and +90mins as this is the period that cortisol levels were
rising in response to hydrocortisone infusion.

Resuits

Mean basal concentrations of ACTH (at 0900h) varied significantly between the treatment
groups (F(2.21) = 22.70; p < 0.0001). Mean (+ SEM) basal levels for each treatment
group were 7.79 + 1.19pmol 1! for PLA: 7.30 + 0.72pmol.1" for SPI: 18.39 + 2.26pmol.1"
tor RU486. Post hoc testing-(lemonstrates that RU486 significantly elevates morning ACTH
levels (p < 0.05) in contrast to spironolactone which has no impact (see Fig. 13).

Slrﬁilarly, one-way analysis of variance of_mean basal cortisol levels revealed a significant
difference amongst the groups (F(2.21) = 13. 15; p = 0.0002). Mean basal cortisol levels
were 488 + 38.7nmoi.!l" for the PLA group: 460 + 23.59nmol.I' for SPI and 650 *
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38.11nmol.l"' for HC + RU486 respectively. Post-hoc testing demonstrated thai baseline
cortisol levels in the group administered RU486 were significantly greater than those observed
in the three other treatment conditions (p < 0.05) (see Fig. 1b). o
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Fig.1
(a) Basal cortisol values in nmol.I'. Individual values represented (+ SEM)

comparing the effects of placebo, spironolactone and RU 486. Basal values
calculated as the mean of samples obtained at 0845 and 0900. (b) Basal ACTH
values in pmol.I" Individual values represented (+ SEM) comparing the effect
of placebo. spironolactone and RU 486. Basal values calculated as the mean
of samples obtained at 0845 and 0900.

Hydrocortisone infusion resulted in an increase in cortisol levels in the three groups where it
was administered. Peak levels occured at +60 to +90 in all cases. Acortisol (maximal
displacement of cortisol from baseline) did not vary significantly between the groups (F (2.21)
= 2.54; p = 0.1) (see fig. 2a)

The drop in ACTH following HC infusion (ie feedback) is similar with placebo and
spironolactone pretreatment. RU486 markedly attenuates the drop in ACTH. The mean +
SEM AACTH responses to HC (calculated relative to placebo) were as follows: PLA pre-
treatment -3.02 + 0.33pmol.}*, SPI pre-treatment -3.41 + 0.46pmol.|1", RU486 pre-treatment
9.95 + 1.56pmol.I" (see Fig. 2b). A 2-way repeated measures ANOVA reveals a significant
group x time interaction (F(9,311) = 2.293; p = 0.0005). When baseline ACTH is entered
as a covariate, this interaction remains significant. Post-hoc analysis reveals a significant
difference in ACTH responses between the PLA + PLA/RU486 + HC and the PLA +
HC/SPI + HC groups (p < 0.05). Mifepristone is seen to significantly attenuate the fast-
feedback response. . -
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(7) Acortisol responses following hydrocortisone Sug.kg.min' infision.
Comparison of mean Acortisol values show no significant differences in the
three groups. (b) AACTH responses calculated refative to placebo pre-
treatment and placebo infusion. AACTH following RU486 is significantly
greater than AACTH for placebo or spironolactone pre-treatment, in response
to standardised hydrocortisone infusion.

Discussion

This study shows that pretreatment with the type II glucorticoid : cceptor antagonist RU486,
causes a significant elevation of the basal ACTH and CORT levels in a group of healthy male
volunteers. This is in contrast to the effects of spironolactone which does not alter basal
ACTH or CORT levels. Furthermore, using a standardised HC infusion challenge,
suppression of ACTH occurred which was not significantly altered by pretreatment with
spironolactone. In contrast to this finding. pretreatment with RU486 resulted in abolition of
ACTH suppression by hydrocortisone infusion. with levels of ACTH comparable to those seen
with placebo infusion alone.

Elevated levels of ACTH and Cﬁi!T occur in response to administration of RU486 at a dose
of 400mg. This is the dose required for antagonism of glucocorticoid receptors and its
antiglucocorticoid effect to occur - it is known that the antiprogesterone effect occurs in
response to much lower levels (10). This increase 1n morning ACTH and CORT in man is
n agreement with Gaillard et al (1984)(12), who showed that mifepristone elevated basal

-
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levels of CORT at the peak of circadian rhythm but with little effect on trough levels. This
elevation of basal ACTH and cortisol been further demonstrated in a group of healthy
volunteers administered 200mg of RU486 daily for a period of eight days (13).
Administration of spironolactone, in contrast, failed to alter basal levels of these Suggesting
that it is type II and not type I receptors that are of importance in limiting circadian peak
levels of ACTH and CORT in man.

The relevance of this finding is twofold. Firstly, it demonstrates that an antiglucocorticoid
effect has been achieved (14). Secondly, it is consistent with a large animal literature in
which the type II glucocorticoid receptor serves to atienuate peak activity of the hypothalamic-
pituitary-adrenal axis (15). It is generally accepted that circadian trough and peak cortisol
levels are determined principally by the type 1 and I steroid receptors respectively. with type
I occupancy a prerequisite for functioning of the type II receptors (16).

Plasma levels of ACTH and cortisol are determined by a dynamic regulatory s,\"stem
Stimulation of their release occurs in response to the circadian drive and stress whereas thei-
release is inhibited by negative feedback. Administration of RU486 blocks the type Il receptoi
and removes negative feedback allowing escape of unopposed circadian driven ACTH and
cortisol levels. As conditions for the procedure were standardised. it is unlikely that this
consistent finding has occurred as a result of stimulation from an exogenous stressor. As these
elevations of peak ACTH and CORT levels were seen 10h following RU486 administration.
this indicates an effect mediated. by the delayed phase (7) ot negative feedback is responsible
for regulating the peak of the circadian cycle.

Hydrocortisone infusion resulted in a significant elevation of cortisol levels in the three groups
that it was administered. Moreover, under the standardised testing procedures, the elevations
of cortisol were similar across the three groups meaning that the stimulus for fast feedback
was standardised. The impact of these consistent rises in cortisol was to produce a fall in
ACTH levels within 15 - 30 minutes of the start of the hydrocortisone infusion. This
fastfeedback effect was not altered by prior administration of the type I receptor antagonist
spironolactone as the fall in AACTH observed under these conditions was similar to that seen
following placebo pretreatment. This suggests that the type I receptor is not involved in
mediating fast-feedback which accords with the animal literature (16.17). Alternatively. it
may indicate that spironolactone has failed to block the type I receptor. This is unlikely as
it has repeatedly demonstrated in vivo potency as an antagonist at the mineralocorticoid
receptor (11).

In contrast to this, prior administration of RU486 does significantly alter the fastfeedback
response. AACTH responses are clearly distinguishable from those seen in response (0
hydrocortisone infusion alone or in combination with spironolactone pre-treatment. AS
baseline ACTH levels were significantly elevated relative to the other treatment conditions.
these baseline values were entered as covariates and the differences remained significant as

they did when group reponses over time were examined. This finding is most plausibly ‘

interpreted as that the effect of RU486 is to negate the influence of HC infusion and fast-
feedback. The fall in’ACTH levels that occurs over time is consistent with the diminishing
drive to the HPA from the endogenous circadian rhythm which occurs following the 0800h
peak of stimulation (18). If this were fast-feedback. it might be expected to precipitously
reduce ACTH output in the face of such an elevation of cortisol. Given that the half-life of
ACTH is approximately 15 minutes, removal of drive by a massive increase. in negative
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teedback would result in a rate of decline of ACTH of the order of 50% every 15mins, which
is not seen.

In summary, administration of the type II receptor antagonist RU486 causes an elevation in
pasal levels of ACTH and cortisol - an effect not seen following type I receptor blockade with
spironolactone and which is dependant on the delayed phase of negative feedback.
Hydrocortisone infusion at a rate of Sug.kg.min", produced a significant inhibition of ACTH
release which was not altered by pre-treatment with spironolactone. In contrast to this, RU486
pre-treatment was able to block the feedback inhibition caused by hydrocortisone infusion to
levels comparable to those seen with infusion of placebo. This is evidence in favour of the
dual receptor model of regulation of negative feedback. Furthermore, it indicates that type
1 receptors are responsible for mediating the effects of negative feedback.
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ORiGINAL. RESEARCA ANTICLE

Effects of a Sequential Regimen of

ELSEVIER

Mifepristone-Medroxyprogesterone
Acetate on Ovarian Function,
Endometrial Development and

Hormonal Parameters

H.B. Croxatto, M.R. Massai, A.M. Salvatierra, B. Fuentealba, H.D. Croxatto, and

P. Lahteenmaé&ki*

The efficacy of a low dose of mifepristone, 5 mg/day for the
first 15 days of the menstrual cycle, followed by medroxy-
progesterone acetate (MPA), 10 mg/day for the next 13
days, for inhibiting ovulation was assessed in ten volun-
teers who were treated for three successive cycles. Hor-
monal determinations in blood and urine samples, ovarian
ultrasonography and an endometrial biopsy taken on day
21-24 of the third treatment cycle were used to monitor the
cycles. Ovulation was confirmed in 11 of the 30 treated
cycles and, in these 11, the LH peak and follicular rupture
occurred during MPA treatment periods. Out of 19 anovu-
latory cycles, 16 had no increase in progesterone levels and
another 3 developed a luteinized unruptured follicle. Pro-
gestin administration induced secretory changes in the
endometrium, but irregular or delayed development was
found. Regular withdrawal bleeding occurred in all sub-
jects. These data indicate that the sequential regimen can
suppress ovulation while maintaining regular bleeding
but increased efficacy is needed for phase II clinical
trials. CONTRACEPTION 1996,;54:79-86

KEY WORDS: mifepristone, RU486, antiprogestin, ovulation
inhibition, progestin, endometrium, bleeding pattern

Introduction _
t has been demonstrated that mifepristone admin-
Iistration during the follicular phase alters follicu-
lar growth, inhibiting ovulation.!™ This effect
makes possible the development of an estrogen-free
oral contraceptive that suppresses ovulation. How-
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ever, the long-term continuous or intermittent ad-
ministration of antiprogestins would expose women
to unopposed estrogen, with the consequent un-
wanted effects upon the endometrium and the bleed-
ing pattern. To avoid this problem®a sequential anti-
progestin-progestin regimen has been proposed.? In
theory, the antiprogestin given during the first half of
the cycle would prevent ovulation in that period and
the progestin, given during the second half of the
cycle, would act to keep ovulation suppressed and to
transform the endometrium allowing cyclic bleeding
upon its withdrawal.

Several schemes of treatment have been tested.>”’
In the first two studies, the antiprogestin was given in
a dose of 25 mg/day for the first 14 or 21 days of the
menstrual cycle, followed by the administration of a
synthetic progestin, norethisterone or medroxypro-
gesterone acetate (MPA), 5 mg/day, for the next 10
days. These schemes were tested for a single cycle or
for three consecutive cycles with a 5-days pill-free
interval between cycles. Although they allowed regu-
lar bleeding, they were only partially effective for in-
hibiting ovulation, as assessed by the hormone levels
in plasma. ;

In a different scheme, higher doses of mifepristone,
50 mg/day for 3 days, and MPA, 10 mg/day for 10
days, were combined in an intermittent regimen. The
antiprogestin was given during the later stages of fol-
licular development (days 9 to 11) to “knock out’’ the
leading follicle and again at the end of the progestin
treatment period (days 27 to 29), to reinforce proges-
tin withdrawal.” With this regimen, the proportion of
biphasic cycles, 12 out of 32 cycles, was similar to
that observed in the previous studies, but follicular
rupture was confirmed, by the ultrasound profile of
the leading follicle, in only one of those twelve cycles.
This suggested that the efficacy of these sequential
regimens for inhibiting ovulation could be higher
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than that previously reported ard justifies caretul
monitoring of the leading follicle in thic type of irials.

In the present study, we investigated the effective-
ness of a simplified antiprogestin-progestin sequen-
tial regimen for inhibiting ovulation. Since in prev:-
ous work it was shown that a daily dose of 5 mg
mifepristone for 30 days was effective in preventirg
ovulation during treatment in all of eleven treated
‘women,>* we choose to test the effects of this low
dose for the first 15 days of the menstrual cycle, fol-
lowed by MPA, 10 mg/day for the next 13 days. The
complete sequence was repeated for three successive
cycles without leaving resting days between treat-
ment cycles.

Materials and Methods

Ten healthy women, surgically sterilized, regularly
cycling, mean age 36.6 years (range 30—40) and mean
weight 58.6 kg (range 48.5-69.5) volunteered for the
study. The study was approved by the Institutional
Ethics Committee and subjects were admitted after
giving their informed consent.

This was an open, non-randomized, phase I clinical
study, in which each volunteer was her own control.
Each subject was studied for one baseline cycle, three
consecutive 28-day periods of treatment and one post-
treatment cycle.

During each period of treatment, each volunteer
received mifepristone (RU486, Roussel-Uclaf, Ro-
mainville, France), 5 mg/day, on days 1 to 15 of the
cycle and medroxyprogesterone acetate (MPA), 10
mg/day, on days 16 to 28 of the cycle. The entire
sequence was reinitiated on the day following the last
MPA pill, regardless of the occurrence of menses.

Each subject kept a record of pill ingestion time,
bleeding, spotting, any symptoms, concurrent illness
and other drug intake. Hematology and serum chemi-
cal analysis (serum glutamic oxalacetic and pyruvic
transaminase, lactic dehydrogenase, alkaline phos-
phatase, bilirubin, total protein, cholesterol, uric acid,
urea nitrogen, glucose, inorganic phosphate and cal-
cium) were performed at admission, at the end of
treatment and after the post-treatment cycle. Blood

samples were taken twice a week throughout the

study from each volunteer to determine estradiol and
progesterone concentrations. A daily first morning
urine sample was collected for measuring LH concen-
tration. Additional blood samples were taken to de-
termine mifepristone levels in plasma during the sec-
ond cycle of treatment. Blood samples were taken on
day 1, just before (0 h) and 1 hour after the first mife-
pristone pill intake and on day 15 of treatment, 24 h
after the preceding pill (O h) and 1 h after mifepristone
pill intake. An additional sample was taken 72 h after
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the Jast mifepristone pill intake to check for wash
out.

Ovarian and uterine echography were performed,
three times a week throughout the study, to assess
follicular growth and endometrial thickness, using an
Aloka SS D 620 ultrasound system, 5 MHz, with a
vaginal probe. An endometrial biopsy was taken in
the third cycle of treatment, 6 to 9 days after the onset
of MPA treatment, to assess endometrial histology
according to the criteria of Noyes or Maqueo.??

Hormones in plasma and LH in urine were mea-
sured according to the procedures and with the re-
agents supplied by the World Health Organization.
The lower limits of sensitivity for estradiol, proges-
terone and LH assays were 70 pmol/L, 1.2 nmol/L and
1.2 TU/L, respectively. The intra-assay coefficient of
variation of low, medium and high pool, for E2, P and
LH ranged from 9-15%, 5-20% and 5-10%, respec-
tively. The inter-assay coefficient of variation ranged
from 12-25% and from 7-11% for steroid hormones
and LH, respectively.

Mifepristone levels in plasma were determined at
the Steroid Research Laboratory, University of Hel-
sinki, Finland, using previously described methods.'®
The intra- and inter-assay coefficients of variation
were 9.3% and 13-16%, respectively.

Previous studies have shown that administration of
mifepristone (or antiprogestins) in the follicular phase
can be associated with lower estrogen levels in serum
when follicular growth is halted'*!! or, on the con-
trary, it can increase estrogen levels when a mature
follicle that is prevented from ovulating keeps on
growing,'? and can also cause follicular luteinization
without rupture.”'3 Because it was of interest to as-
sess the occurrence of these conditions during this
treatment, the following working definitions were
used in the analysis of the data: .

Hypo-, normo- and hyperestrogenic cycles were de-
fined by plasma E2 concentration under 400 pmol/L
throughout the follicular phase, between 400 pmol/L
and 1500 pmol/L throughout the follicular phase, and
over 1500 pmol/L in two or more samples taken dur-
ing the follicular or luteal phase, respectively.

Follicular rupture: abrupt disappearance of a follic-
ular echo-image larger than 16 mm. Ovulation: follic-
ular rupture followed by increased plasma progester-
one levels over 12 nmol/L in at least two consecutive
samples. Luteinized unruptured follicle (LUF): persis-
tent echo-image of a follicle concomitant with in-
creased plasma progesterone levels over 12 nmol/L in
one or more samples.

In the statistical analysis, the Student’s t-test was
used to determine differences in estrogen levels dur-
ing equivalent periods of time between the baseline
and the first treated cycle, in the length of the cycles

154



Contraception
1996,54.79-86

and of the phases, and in progesterone levels of bipha
sic cycles. Analysis of variance was used to compare
endometrial thickness and the length of the cycle dur-
ing the study. Dunnett test was used when analysis of
variance reached significance. Normal distribution of
data, on plasma RU486 levels and the onset of bleed-
ing, was assessed using the Shapiro-Wilk test. Wil-
coxon signed rank test followed by the Dunn test, was
used in the analysis of the onset of bleeding. A value
of p < 0.05 was considered statistically significant.

Results

All baseline cycles were ovulatory and showed nor-
mal ovarian function, defined by the finding of an LH
peak in urine, estrogen and progesterone oscillations,
follicular growth and length of the phases within nor-
mal limits.

Treatment inhibited ovulation during the three
treatment cycles in 5 women. The regimen was par-
tially effective in 3 women and totally ineffective in
another 2 women. During treatment, 11 out of 30
cycles corresponded to ovulatory cycles and the other
19 cycles were anovulatory {Table 1).

According to whether or not ovulation occurred
and the hormonal parameters, three types of cycles
were observed during treatment: biphasic ovulatory,
biphasic anovulatory and monophasic anovulatory.

Ovulatory cycles differed from baseline cycles. The
rate of follicular growth was slower and in one case
the follicle reached a diameter of 28 mm before rup-
ture. In these cycles, the LH surge always occurred
during the MPA treatment period, and was delayed
4-8 days in comparison with the baseline cycles (Fig-
ure 1). This is reflected in increased length of the
follicular phase (shown in Table 4).

Among the anovulatory cycles, 3 cycles presented a
biphasic hormonal profile. In these three cycles the
luteal phase progesterone levels were much lower
than in baseline cycles and they were associated with
unruptured follicles (Figure 2). The other 16 cycles
had a monophasic hormonal profile, with no increase
in progesterone levels in spite of a delayed rise in LH
level (Figure 3).

Table 1. Efficacy of the RU486-MPA scquentxal regimen
for inhibiting ovulation

4

Anovulatory/Total

Cycle N
Baseline 0/10
Treatment

First 5/10

Second 6/10

Third 8/10
Post-treatment 4/9
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Figure 1. Follicular and endocrine profile of ovulatory
cycles during treatment with a sequential regimen of
RU486 mg/d and MPA 10 mg/d. Follicular growth (A), LH
(B), estradiol (C) and progesterone (D) plasma levels during
treatment cycles. Dots and bars represent the mean + SEM
of 11 treated cycles. Compare with the area encompassed
between the two continuous lines which represents = one
SEM of values obtained from 10 baseline cycles.

The echographic pattern of follicular growth
showed an enlarged follicle (mean: 41.3 and range:
28-70 mm in diameter) in 14 cycles, in 8 of the 10
women during treatment. Only 4 of these 14 follicles
were associated with high plasma estradiol levels
{1500-3000 pmol/L}). Three additional enlarged fol-
licles were observed during the post-treatment cycle
{Table 2). Resolution of all enlarged follicles occurred
spontaneously.

Hormonal Parameters
Maximal plasma E2 levels, during the periods of treat-
ment with mifepristone, were not different between
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10 15 20 25 30 35
DAYS

0 S

Figure 2. Follicular growth (A}, plasma LH (B}, estradiol
(C) and progesterone (D) levels in biphasic cycles with lu-
teinized unruptured follicles during treatment with RU486-
MPA sequential regimen. Dots and bars represent the mean
+ SEM of 3 treated cycles. Compare with the area encom-
passed between the two continuous lines which represents
+ one SEM of values obtained from 10 baseline cycles.

the three treated cycles (ANOVA), but those of the
first treatment cycle were lower than in the first 15
days of the baseline cycle (X + SEM: 454.7 = 80 vs.

730.8 + 94.6 pmol/L, p = 0.037 Student's t-test). Maxi- .

mal E2 levels in the second and third mifepristone
treatment periods were 605.6 + 130.5 and 596.1 =
264.7 pmol/L, respectively. During the MPA treat-
ment periods, maximal E2 levels were not different
from those of the baseline cycle but increased E2 lev-
els, over 1500 pmol/L, were observed in four mono-
phasic cycles. In two cycles, a fall of these E2 levels
was observed after the first mifepristone pill of the
next treatment period. In the other two cycles, in
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Figure 3. Follicular growth (A), plasma LH (B}, estradiol
(C) and progesterone (D) levels in monophasic cycles during
treatment with a sequential regimen of RU486-MPA. Dots
and bars represent the mean = SEM of 16 treated cycles.
Compare with the area encompassed between the two con-
tinuous lines which represents =+ one SEM of values ob-
tained from 10 baseline cycles.

which the MPA period was not followed by mifepris-
tone intake, E2 levels increased over that observed at
the end of the third treatment cycle, remaining high
for several days {Figure 4).

An increase in urinary LH concentration was de-
tected in 29 out of 30 treated cycles. In all of them,
the highest LH levels occurred during the MPA treat-
ment period. In contrast, attenuated or no LH peaks
were detected during the mifepristone treatment pe-
riod.

As shown in Figure 5, plasma progesterone levels
attained during the luteal phase of biphasic cycles
decreased in successive cycles (ANOVA, p = 0.005)
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Table 2. Occurrence of enlarged follicles under RU486-MPA sequential rzgimen®

No. of Cycles

. Treatment
Type of Cycle Baseline 1st 2nd 3d - Post-t:eatment
Ovulatory 0 1 0 0 0
Biphasic with LUF** 0 0 1 1 3
.Monophasic hyperestrogenic§ 0 1 1 2 0
Monophasic normoestrogenic® 0 2 1 4 0
Enlarged/total cycles 0/10 4/10 3/10 7/10 3/9

*Follicles with a mean diameter larger than 25 mm. Those persisting into the next cycle were cuunted only once and aésngned to the menstrual cycle in which

they were first seen.
**Luteinized unruptured follicle.

§Maximal plasma E, levels throughout the cycle over 1500 pmol/L; progesterone, under 12 nmol/L.
YMaximal plasma E, levels throughout the cycle between 400 pmol/L and 1500 pmol/L; progesterone, under 12 nmol/L.

being in the second and third cycle, significantly
lower than in the baseline (Dunnett test p < 0.05).

Increased plasma mifepristone concentration was
observed 1 h after pill intake in all women (X + SEM:
585.2 + 97.6 nmol/L). As shown in Figure 6, values did
not distribute normally (p = 0.0369 Shapiro-Wilk} and
large differences were observed among subjects.
Three women had values between 122-176 nmol/L
and the other seven had values between 631-962
nmol/L. After a 72 h wash out period, mean mifepris-
tone concentration decreased to 73.7 = 15.8 nmol/L (X
+ SEM).

Effects on the Bleeding Pattern and Length of

the Cycle

The effect of treatment on withdrawal bleeding is
shown in Table 3. By design, in the first two treat-
ment periods, progestin withdrawal was likely to be
potentiated by the ensuing treatment with mifepris-
tone but at the end of the third treatment cycle, bleed-

TREATMENT
RUABE MPA RU4BE MPA RU4BE MPA

BASEUNE POST-TREATMENT

3000-}

el

DAYS FROM THE ONSET OF TREATMENT

Flgure 4. Estradiol profile of 3 subjects with estradiol lev-
els over 1500 pmol/L before, during and after the RU486-
MPA sequential regimen. One subject presented high estra-
diol levels twice during the study’ Note immediate
reduction in E2 levels after the first RU486 pill intake in
treatment cycles 2 and 3 in contrast to more persisting high
levels after the last MPA course not followed by RU486.
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ing should occur by progestin withdrawal only. After
the first two treatment cycles, withdrawal bleeding
started usually within the first three days following
the last MPA pill (range: -2 to 4 days and 2 to 5 days
for the first and second cycle, respectively]. At the end
of the third cycle of treatment, the onset of with-
drawal bleeding was significantly delayed (range: 1 to
28 days) with respect to the previous cycles (p =~
0.0197, Wilcoxon test; p < 0.05, Dunn test).

The duration of the bleeding episodes after each
treatment cycle was not significantly different from

" that of the baseline and post-treatment cycles.

Cycle length of all cycles is shown in Table 3 and of
ovulatory cycles only in Table 4. Treated cycles
showed a tendency to be slightly longer than baseline
in all women. Twenty-eight of the 30 treatment
cycles were 0-10 days longer than their corresponding
baseline cycles, with a median of 3.5 days in the first,
2 days in the second and 3 days in the third cycle of
treatment. One cycle was 6 days shorter and another,
25 days longer than the baseline.

Y

POST-
TREATMENT

Figure 5. Plasma progesterone levels in baseline, treat-
ment and post-treatment biphasic cycles. Values are the
mean + SEM of the area under the curve calculated for the
luteal phase of each subject. Treatment consisted in a se-
quential regimen of RU486 5 mg/d and MPA 10 mg/d. *Sig-
nificantly different from baseline (p < 0.05 Dunnett test).
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Figure 6. Plasma RU486 levels attained just before and 1
h after the first RU486 pill intake on day 1 (upper panel) and
just before and 1 h and 72 h after the last RU486 pill intake
on day 15 of the second cycle of treatment (lower panel).
Treatment consisted in a sequential regimen of RU486 5
mg/d and MPA 10 mg/d.

The length of the follicular and luteal phase was
calculated for the ovulatory cycles (Table 4). In these
cases, treated cycles were longer than the baseline
cycles, due to prolongation of the follicular phase. No
significant changes in the length of the luteal phase
were observed.

Endometrial Development

Echographic assessment of endometrial thickness
was performed during the follicular phase in the base-
line cycles and throughout all treatment and post-
treatment cycles. The maximal thickness attained

during each of the three periods of treatment with

mifepristone was significantly lower than the maxi-
mum observed during the follicular phaseof the base-
line cycles (X + SEM, n = 10, baseline: 11.9 = 1.0;
mifepristone: 9.2 + 0.6; 10.1 £ 0.4; 8.2 + 0.5 mm, p <

0.05, ANOVA). During MPA treatment periods, --

maximal values in the first two periods were lower
than those observed during the lateal phase of the
post-treatment cycles (X + SEM, n = 10, posttreat-
ment: 13.8 £+ 1.0, MPA: 11.2 £ 0.9; 10.6 + 0.6; 12.8 =
0.9 mm, p < 0.05, ANOVA).
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All endometrial samples showed either Jelaved or
irregular development. Tke eadometrium was classi-
fied as secretory according ic Noyes ciriieria in 3
women, but in all of them maturation wzs retarded,
from 3 to 6 days, when the first day of MPA was tzken
as day 15 of a normalized cycle. The othe: tive women
had irregular endometrial development, with mixed
types of glands or asynchronous witi: the stroma, but
none presented hyperplasia.

Post-treatment Cycles

Only 9 cycles were followed and 5 of these were ovu-
latory, one of them without a detectable LH midcycle
peak. The other four cycles were anovulatory, three of
them biphasic, associated with an unruptured follicle
and the other one, monophasic.

Side Effects

Total compliance of pill dosage was recorded by all
volunteers in their diaries. No untoward reactions
were reported. Clinical chemistry tests done before,
during and after treatment did not show any particu-
lar trend among the few values lying outside the nor-
mal range.

Discussion

These results show that the sequential treatment
with 5 mg/day of mifepristone for the first 15 days of
the menstrual cycle followed by 10 mg/day of MPA
for the following 13 days, during three consecutive
months, inhibited ovulation in 63% of the cycles.
The efficacy for preventing ovulation increased from
50% to 80% throughout the three treatment months.
The tested regimen was totally effective in five
women, partially effective in three and totally inef-
fective in two women. This result bears no correla-

Table 3. Effect of RU486-MPA sequential regimen on the
menstrual bleeding*

Interval
Between the
Last MPA
Pill to Duration of
Onset of Bleeding/ Length of
Bleeding** Spotting the Cycle
Cycle {days) {days) (days)
Baseline 41:03 26.4 0.7
I 1.7+ 0.6 3.4:03 29.7 £ 0.6
n 26+03 41:+03 289+ 0.8
o 7325 4609 32.7+2.3%
Post-treatment .34:02 27.7+ 1.7

*Values are mean + SEM (n = 10}.
**Both days excluded

sDifferent from cycles I and II p = 0.019 (Wilcoxon).
SDifferent from baseline p = 0.018 {ANOVA|.
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Table 4. Effect of RU486-MPA sequential regimen on the length of biphasic cycles and its phases

Treatment Cycles

Baseline Cycle 1st Cycle 2nd Cycle 3rd Cycle Post-treatment
n=10 n=5 n=6 n=3‘J Cycle
Total length of cycle 264 0.7 304 :04* 29.0+09 29.7 £+ 0.3* 284120
. Follicular phase 134 £ 0.6 18.6 + 0.4* 17.3£0.7* 163207 I;D-xsl.9
Luteal phase 13.02 0.6 11.8£ 0.5 11.7: 0.8 13.3+03 1:.1':;3.7
ne7t

Data are X = SEM.
aDifferent from the respective baseline cycles p < 0.001, paired ¢ test.
tExcluded 1 cycle in which there was no LH peak.

tion with body weight or mifepristone blood levels of
these subjects {not shown).

In the ovulatory cycles, follicles grew reaching 16—
20 mm at the end of mifepristone administration (day
15 of the cycle) and a delayed follicular rupture, with
respect to that observed in the baseline cycles, took
place during the period of treatment with MPA. In a
previous study, the daily treatment with mifepris-
tone, 5 mg/day for 30 days, inhibited ovulation in the
five treated subjects, and follicular diameters attained
were always less than 13 mm on day 15 of treatment.*
The reason for this discrepancy between the two stud-
ies is unknown to us but it could explain the unex-
pected high rate of ovulatory cycles observed here. It
is also possible that, regardless of the leading follicle
size at the onset of the MPA treatment, this progestin
at the dose used, instead of inhibiting pituitary go-
nadotropin secretion, triggers it when the effect of the
antiprogestin begins to wane. In other studies, in
which the antiprogestin was followed by NET or
MPA,57 the LH peak and the rise of progesterone also
occurred during the period of treatment with the pro-
gestin.

The effects of MPA treatment on the bleeding pat-
tern and endometrial cyclicity were as expected.
Regularity of bleeding episodes was higher in the first
two treated cycles than in the third cycle of treat-
ment, in which MPA administration was not fol-
lowed by mifepristone.

Endometrial secretory changes were induced by the
progestin in all cases. However, irregular develop-
ment, reflected in mixed type of glands or delayed
endometrial maturation was observed. Endometrial
alterations observed 6 to 8 days after discontinuing
mifepristone suggest a long-lasting effect not readily
reverted by the progestin. No signs of hyperplasia
were detected upon histologic examination. Instead,
reduced endometrial thickness was observed both
during mifepristone and MPA administration, even in
those cycles with high estradiol levels. This is con-
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sistent with the reported antiproliferative effect of
mifepristone.'*

A high proportion of cycles with unruptured en-
larged follicles was found among monophasic cycles
in the present study (11 of 16). Enlargement always
occurred during treatment with the progestin. In
most cases, their size was reduced until vanishing
during the next mifepristone treatment period but
they persisted into the post-treatment cycle when
MPA treatment was not followed by the antiproges-
tin. A similar course was followed by the high estra-
diol levels that were observed in four cycles during
MPA treatment. In two of them, they decreased rap-
idly when mifepristone treatment was reinitiated but,
in the other two cycles, in which mifepristone was
not given after the MPA, the high E2 levels were
maintained for several days. The number of observa-
tions is too small to definitely conclude that RU486
has the ability to decrease abruptly the abnormally
elevated E2 levels; nevertheless, this is possible. As
shown previously,'#!! and confirmed in this study,
mifepristone administration during the follicular
phase interferes with the rise but does not decrease
estradiol levels which are within the normal range.
This effect of the antiprogestin has been shown to be
temporally related with a delay in the growth of the
dominant follicle.!! In the case of enlarged follicles,
excessive estrogen secretion appears to be shut off by
the antiprogestin; however, the mechanism is yet un-
clear.

The effects of the sequential regimen on ovarian
function were carried over into the post-treatment
cycle in most subjects. Only three of them recovered
their normal function during this time indicating that
a period longer than one cycle is needed for total re-
covery.

Taken together, the current-data indicate that mife-
pristone, at a lower dose than used in the previous
schemes of sequential regimen, can suppress ovula-
tion and that the administration of the progestin in
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the second half of the cycle allows regular bleeding
cyclicity. The endometrial alterations found may be
accompanied by diminished endometrial receptivity
and may contribute to the contraceptive potential of
this regimen. However, until the validity of this con-
cept is confirmed, the efficacy of the regimen tested
for inhibiting ovulation appears too low for phase Il
clinical trials.
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Low-dose antiprogestin administration has been proposed
as & new contraceptive modality to interference with endo-
metrial receptivity without disturbing ovarian (unction.
The effects of 1 mg/day mifepristone for 150 days on the
menstrual cycle were assessed in 21 sucgically sterilized
women. The aim was to study each womaa for one control
cycle and during months 1, 3 and S of treatment. Ovulation,
endometrial thickness, serum oestradiol and progesterone,
urinary luteinizing hormone, endometrial morphology and
cervical mucus were assessed. Luteal phase progesterone
concentrations were observed in 36 of the 60 treated months
assessed and less frequently as treatment progressed. The
bleeding pattern was regular in most bipbasic cycles, while
prolonged interbleeding intervals or no bleeding were
associated with monophasic cycles. Altered endometrial
morphology was found in all cases irrespective of the
occurrence of luteal activity. Increased endometrial thick-
ness and dilated glands were observed in 25 and 34%
respectively of the monophasic cycles. Mifepristone, 1
mg/day, interferes with endometrial development while
allowing the occurrence of biphasic ovarian cycles and
regular bleeding. However, it also prevents ovarian cyclicity
in a high proportioa of treated months, and this is associated
with increased endometrial growth in some women, which
may be of concern.

Key words: antiprogestin‘endomeirial contraception/mifepri-
stonc/ovarian cycle/women

Introduction

The effects of progesterone blockade by mifepristone adminis-
tration during the menstrual cycle in women indicate that
antiprogestins may be used to inhibit ovulation and/or to
prevent implantation (for recent reviews see Van Look and
von Hertzen, 1995; Spitz ef al., 1996). Preliminary trials have
shown that daily mifepristone administration throughout one
menstrual cycle inhibited ovulation and altered endometrial
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development when doses =2 mg/day were used (Ledger
etal., 1992; Croxatto eral., 1993; Cameron efal., 1996). A
differeatial threshold for mifepristone effects on the ovary and
the endometrium was observed when | mg/day was given
(Croxatio ef al.. 1993). With this dose, endometrial develop-
ment was consistently altered and ovarian function was pre-
served in most cases (Batista efal., 1992: Croxatto eral.,
1993). This differential threshold would theoretically aliow
for inhibition of endometrial development and function, thus
preventing implantation, while ovarian function and bleeding
cyclicity would be preserved. To explore this hypothesis, a
two-centre trial was conducted to assess the effects of 1 mg/
day mifepristone for 5 months on ovarian function, endometrial
development and bleeding cyclicity. The recent publication of
a similar study performed utilizing 0.5 or 0.1 mg/day mifepni-
stone (Gemzell-Danielsson er al., 1997) complements the find-
ings reported here.

Materials and methods

The study was approved by the ethics committee at the Albert Szent-
Gybigyi Medical University (Szeged. Hungary) and at ICMER
(Santiago, Chile). Each volunteer gave written informed consent
before being enrolled in the study. A total of 23 healthy, surgically
sterilized women volunteered for the study: 11 at Szeged, Hungary
and 12 at Santiago, Chile. Mean age, height and weight were 34.6
years (range 25-39), 158.4 cm (range 150-168) and 59.8 kg (range
50-85) respectively. A medical and gynaccological examination,
routine serum chemistry analysis and hacmatological investigation
were performed at sdmission and at the end of the study.

One woman discontinued voluatarily during the control cycle.
Therefore only 22 of the 23 women began treatment, and 19 of
these completed the study. Each woman who completed the study
participated for one coatrol cycle and one 150 day treatment period.
One woman contributed to the study with only 120 days and another
with only 60 days of treatment: their data were included in the
analysis. One woman was excluded from further analysis afier an
abnormal control cycle was detected. Altogether 101 months of
treatment were accrued by 21 women. Treatment started on day | of
the cycle, immediately afier the control cycle. During treatment, the
subjects received | mg/day mifepristone orally, between 6:00 and
10:00 h. The endpoint variables were assessed during the control
cycle and months |, 3 and S of weatment. All subjects were asked
to keep daily records of pill intake time, bleeding and spottiag
episodes, complaints and other medications.

Ovarian function assessment
Ovarian function was evaluated according to the growth and rupture
of the leading follicle and the concentration of oestradiol and
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gesterone in the plasma. Follicular growth and the occurrence of
ovutation “erc ascassed by ultraso_ography twicc 3 week during the
control cycle and three times a weck during month< 1. 3 and 5 of
eatment using an Aloka 35 D 620 (Tokyo. Japan) with a 5 mHz
vaginal probe or & Hjgachi EUB 450 (Tokyo. Japan} with a 7.5 mHz
vaginal probe. . ’

Blood samples. 10 ml each. were obwained on the same days
g5 echographic monitoring. The conceatations of ocsuradiol and
progesierone in"the plasma and of lutcinizing hormone (LH) in the
grine were measured by 2 radioimmunoassay, according (o the

ures and with the reagents supplied by the World Health
Ovganization (WHO).

Assessment of endometrial development

Endometrial thickness was measured by ulrasound on the same days
of follicular growth assessment. Measurements were performed in
meugimlphne.mo:smeuppcrmkd.fmonebsdhye:mthc
other. The thickness of the luminal fluid image, when present, was
subcracted from the measurement (Scott, 1994). Endometrial biopsies
were taken with a cannula (GynoSarple, GynoFarma) or a 5 mm
Randall curette during the coatrol cycle and during months 1, 3 and
$ of meaument. The study protocol prescribed that the biopsy should
be taken: (i) on days 22-24 of the precreatment cycle: and (i) 8-10
days after an LH peak or on days 22-24 of an LH peak-free interval,
whichever came first, during months 1. 3 and 5 of treatment. To time
the endometrial sampling accordiog to the LH peak, volunteers
collected daily the first moming urinc sample.

In the control cycles 21 endometrial biopsies were takea: 16 on
days 7-10 after follicular rupture, and five on days 1, 4, 5, 11 and
12 after foliicular rupture. During the first month of treatment 2!
biopsics were taken: 15 on days 20-24 and six on days 25-28 of
geatment. In the third moath 18 biopsics were taken: 15 on days 83—
86 and three on days 79-80. In onc subject the biopsy was taken on
day 92 of treatment, and in another no biopsy was taken. During the
6ifth month 16 biopsics were taken: 10 oa days 143-147, four on
days 134-142 and two on days 148—149 of treatment. In four subjects
80 biopsy was taken during this month. Part of each tissue sample
was fixed in 10% buffered formalin and embedded in paraffin. Tissue
sections were stained with hacmatoxylin-cosin to assess endometrial
histology. The remaining tissue samples were processed for steroid
receptor immunocytochemistry (results not reported hese).

Endometrial dating was performed according to the criteria of
Noyes er al. (1950) at each ceatre. Later o, all samples were reviewed
by the pathologist at Santiago (H.D.C.). Samples that did not it with
Noyes's criteria were classified as follows: (i) secretory imregulac
uncven glandular growth, with or without intraluminal secretion, and
with varying degrees of stromal oodema, with rare slight-to-moderate
predecidual reaction; (ii) secretory delayed: secretory pattern that
docs not correspond to the histological picture of the eadometrium
expected according to the post-LH peak interval; (iii) mixed: peoliferat-
ive and secretory signs in differeat endometrial glands; or (iv)
involuted: smail glands exhausted of secretory material, lined with
cuboidal or low columnar eosinophilic epithelium; the appearance of
the stroma is varisble, but almost always displays sore degree
of ocdema.

Cervical mucus y

Cervical mucus samples were taken two or three times a week befare
%e ultrasound examination during the control cycle and months 1
ad S of treatment in & subgroup of 11 women. Evaluation included
the assessment of the amount, coasistency. spinnbarkeit, feming and
eellularity, according to the procedure described by WHO (1987).
94
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The scale for each variable was from O to 3, allowing & maximum
total score of 15.

Data analysis

[n the analysis of the data the following end-points and definitions
were used: (i) length of the cycle: cyck length was calculawed
counting (rom day | of menses until the day preceding the next
menstrual-like bleeding. both inclusive (if it lasted >90 days it was
considered ameporrhoca): (ii) retrospective timing of the endometrial
biopsy: the day of the cycle in which cach endometsial biopsy taken
was related 10 day 1 of the luteal phase, unless it was taken in the
follicular phase. The first day in which the follicular echo-image
disappearcd was designated day | of the lutcal phase. Usually this
day coincided with the day of the LH peak in urine. Therefore LH
peak in urine, followed by at least 3 doubling of progesterone
concentrations, was used in some instances as an altemative criterion
when the first was aot available, e.g. luteinized unruptured follicle:
(iii) follicular rupture: abrupt disappearance of 8 reduction in size of
at least S0% of the echo-image; (iv) ovulation: follicular rupture
followed by plasma progesterone concentrations >12 amoll in at
least two samples taken during the lueal phase: (v) ealarged follicle:
follicle with a mean diameter >25 mm; luteinized unruptured follicle:
persisteat echo-image of a follicle, associated with increased plasma
progesterone concentrations; biphasic cycle: cycle in which plasma
progesterone concentrations were > 12 nmol/l in at Ickst two samples.
otherwise it was monophasic: cycle with uacerain endocrine profile:
menstrual cycle partially moaitored in which it was not possible o
assess the occurrence of a luteal phase, e.g. a prolonged foliicular
phase which ran through the 30 day assessment period.

Statistical analysis i

The proportion of women who exhibited ovulation or biphasic cycles
at each assessment period was analysed by logistic regression (Hosmer
and Lemeshow, 1989). An analysis of variance was used to compare
the length of the cycles. The paired r-test was used to compare the
maximum plasma hormone concentratioas (ocstradiol and progester-
one) and the number of days with 2 cervical mucus score >10
between periods with and without luteal activity. The proportion -of
cycles with and without luteal activity that had endometrial thickness
18 mm was compared using Fisher's exact probability test.

Results

Ovarian function

Control cycles were biphasic in 21 women and ovulatory in
20 women. The subject who did not ovulate had a luteinized
unruptured follicle which was not considered to be a reason
for exclusion from the analysis.

During treatment, 60 treated months were assessed. Of the
21 women, 14 ovulated at least once during trearment. Four
women ovulated in each of the 3 months assessed. threc
women in two and seven women in only onc of them. The
other seven womecn were anovulatory at each assessment

- period. The distribution of ovulatory cycles throughout the

months of treatment is shown in Figure 1. The proportion of
ovulatory cycles was highest during month 1 and decrcased
progressively with treatment. Using a logistic regression ana-
lysis the statistical significance was borderline (P = 0.06).
However the odds ratio (slope) between moaths | and 5 of
treatment was 3.7, which was significant.

According to the hormonal pattem-there were 36 biphasic
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Figure 1. Ovarian function during treatmemt with | mg/day
mifepristone for 5 months. Each bar represents the number of
subjects with biphasic (shaded bars) and monophasic cycles (open
bars) during the control cycle and during months |, 3 and 5 of
weatment. Open symbols represent the number of ovulatory cycles
observed in each period.

and 24 monophasic periods. The proportion of biphasic cycles
tended to decrease during treatment (Figure 1). Using a logistic
regression analysis this tendency was not found to be statistic-
ally significant. Ovulation was confirmed echographically in
25 of the 36 biphasic periods. Another six of the biphasic
periods corresponded to luteinized unruptured follicles. The
five remaining biphasic periods had luteal activity but the
critical part of the follicular phase fell outside the assessment
period, therefore the occurrence of follicular rupture could be
neither confirmed nor excluded. The length of the luteal phase
and maximum progesterone concentrations in the ovulatory
cycles and in those with unruptured follicles were not signific-
antly different from those observed in the control cycles (data
not shown).

An enlarged follicle was found in 13 of the 60 (22%)
assessment periods [mean * SE, 31.5 = 1.2 mm in diameter
(range 27-40)). In 10 women it was an isolated finding, but in
one woman an enlarged follicle was found at each assessment.
Follicular enlargement was associated with high oestradiol
concentrations (1500-2500 pmol/) in the three instances in
this subject and once in another case. Excluding these two
subjects, maximal plasma oestrogen concentrations observed
during the periods without luteal activity (mean * SE,
528.0 £ 57.9 pmolNl) were lower than in those with luteal
activity (748.0 = 55.6 pmol) (P < 0.001).

Cycle length and bleeding pattern

In all, 2] women recorded their bleeding and spotting episodes
during a. total aggregate of 101 months of treatment. Their
bleeding records show the occurrence of 77 intcrblccding
periods.

A regular bleeding pattern (range 22-38 days) was observed
throughout treatment in nine of the 21 women, a.llowmg the
identification of five cycles in each of seven women. six cycles
in another and two cycles in one woman who was treated for
only 60 days (Figure 2A). In these women the first three
treated cycles were slightly longer than the control cycle

”
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Figure 2. Bleeding pattern during 5 months of treatment with 1|
mg/day mifepristone. (A) Subjects with a regular bleeding pattern
during all treatment. (B) Subjects with an irregular bleeding pattem
and (C) subjects with amenorrhoea. Black areas represent bleeding

. episodes. The height of the black bars indicates the daily amount of

bleeding (small. spotting: medium, normal: large, heavy). Shaded
arcas represent the period of treatment.
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mean = SE. 270 = 06, 3i3=1c 31012 and
309 =13 days (P < 0.02) for the control cycie and tne first
three treatment ¢ cles respectively]. The lengith of ie last two
treated cycles (278 =09 and 299 = 1.3 days; was not
different from the conwrol. -

An irregular bleeding pattern. with cycle lcagths ranging

from 22 to 84 days. was found in six women (Figure 2R), ad
amenorrhoca during the entire treatment or a segment of it
was obscrved in a further six womea (Figure 2C).
Out of 42 cycles within the range of 22-38 days, 31 were
biphasic, scven were monophasic and in four the endocrine
file was uncertain. In contrast, of the 12 cyclcs within the
range of 38-90 days, four were biphasic (44, 62, 52 and
83 days), five were monophasic and three were uncerntain.
occurred in six women. In four women the
period of amenorrhoca was monophasic, in one the endocrine
fe was unceruain and in another, who had amenorrhoea
foc 129 days, there was a progesteronc tisc between days 25
and 37 (similar to that of a normal luteal phase but no blecding
was observed when progesterone concentrations fell).

Effects on eadometrial development

In the conuul cycles 21 biopsies werc taken, one of which
was insufficient for an analysis. A secretory endometrium with
a dating according 1o the LH peak was found in only 13 of
the 20 saraples. Another five samples corresponded to secretory
imegular endometrium, associated io three cases with abnormal
findiags: onc of them with dilated glands, another with tubal
meuplasia and the third with cpithelial glandular metaplasia.
Signs of metaplasia were not observed during treatment in
these women. Another two samples corresponded to involuted

endometrium, one taken on day +11 of the luteal phase and"

the other during an insufficient luteal phase.

During treatment 56 biopsies were taken, three of which
were insufficient for analysis. Secretory signs were observed
in 39 biopsics, nine were proliferative and five were involuted.
Among the 39 samples with secretory signs, only onc taken
during the first month of treaument, on day 9 after ovulation,
had an endometrial dating in agreement with the timing of
ovulstion; all others corresponded to imregular, delayed or
mixed endometrium.

In all. 20 of the samples exhibiting secretory signs were
obtained during the follicular phase, and the remaining 19
were taken during the luteal phase. All samples showing
proliferative endometrium were taken in the follicular phase.
whereas involuted endometrium was found in both phases.

Among the samples taken during the luteal phase, 15 were
removed on days 7-10 of the luteal phase, with progesterone
concentrations within the range 20-75 nmolA; these are listed
Wdividually in Table 1.

Table Il summarizes the results of the endometrial assess-
ment performed during treatment in the subgroup of women
who had normal endometrium during the control cycle. Only
oae of the 29 biopsics, not classified as proliferative, exhibited
ommal developmeat. In the subgroup of womea who had an
mﬂm endometrium during the conurol cycle, the alterations

he endometrium found in the control cycles did not worsen
during treatment. On the other hand, the alterations found in
%6
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samples taken during treatment in these subjects were not
ditferent from those found in the normal subgroup.

Dilated sndometrial glands were observed in 18 of the 53
samples taken during treatment. Of these, 11 samples were
tuken during cycles longer than 39 days and the other seven
during cycles within the normal length, five of which were
ovulatory.

The range in value of maximal endometrial thickness
cbserved in 21 control cycles was 6-16 mm. Values ranging
from 18 to 28 min were observed in nine of the 60 assessment
periods during treatment. Maximal endometrial thickness was
increased to 18 mm during treatment in six of the 19 subjects
who completed the study: this was detected only in treatment
months 1. 3 or S in three subjects, in months | and S in one
subject and in months 3 and S in two subjects. Thus the longer
the duration of treatment, the greater the chance of encountering
increased endometrial thickness. Two instances of increased
maximal endometrial thickness were observed during 36 treat-
ment cycles with lutcal activity. In contrast, maximal endomet-
fial thickness was increased to =18 mm in scven of 24 cycles
(29%) with no luteal activity (P = 0.023; Table III). This
increased thickness was associated with amengmrhoca in one
womaa (28 mm). The women in four of the seven instances
also had dilated endometrial glands. Maximal plasma oestradiol
concentrations in these seven cycles were not increased and
remained within the range 310-660 pmol/l. All increases in
maximal endometrial thickness took place in women who had
a normal endometrial morphology in their control cycle. Six
of the seven increases in endometrial thickness to =20 mm
were observed in women whose maximal thickness in the
control cycle was in the upper end 9f the range (14-16 mm).

EfJects on cervical mucus score

Treatment had no significant effect on cervical mucus score
(CMS) except for an increase in the number of days with a
CMS >10 in periods with no luteal activity compared with
periods with luteal activity (P = 0.03). During the control
cycle the 11 subjects sampled had luteal activity; their CMS
were 10 for 02 days. During the first month of treatment
the CMS was =10 for 2 and 5 days respectively in two
subjects who had no luteal activity; the CMS was =10 for O-
3 days in the nine women who had biphasic cycles. During
the fifth month of treatment, nine women were evaluated. The
number of days with a CMS >10 was in the range 0-9 in
those with no luteal activity (n = 5) and 1-3 in those with
biphasic cycles (n = 4). with a median of 4.0 and 2.5 days
respectively.

Side-effects

No untoward rcactions were reported by the voluateers. Clinical
chemistry, blood cell couats and urine analyses were performed
at enrolment and at the end of the third and fifth treatmeat
periods. The chemical analysis included measusement of serum
glutamic oxalacetic and pyruvic transaminase, lactic debydro-
genase, alkaline phosphatase, bilirubin, total protein, choles-
terol, uric acid, urea pitrogen, glucose, inorganic phosphate
and calcium. All were within the normal range.
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Table 1. Endometrial morphology on 4ays 7-11 of the ‘«m ph. 2 during continuou: trestment with | mg/

day mifeprisione »

Subject Treatment  _ Day of : Endometrial Progesteronc®
no. month ezl phase morphidlogy (daing) (nmolN}
13 ! +9 Secretory normal (day 22) 55.0
16 1 +748 Secrciory icrcgular 538
17 1 +7 Secretory irregular 3s.2
18 1 T 4849 Secretory delayed (day 17) S48 .
19 1 +8+9 Secretocy delayed (dey 17) 750 -
21 1 +8+9 Secretory delsyed (day 17) 37
12 3 +9 Sec:uory irregular Y6
s 3 +9 367 -
16 3 +7 Secrucry delayed day I7) 56.5
19 3 +9 ory irregular 750
21 3 +8+ |0 Secmay delayed (day 17) NM
9 s +8 Secretory delayed (day 17) 196
18 s +10 Secretory delayed (day 18) 616
19 s +8+9 Secretory ivegular 750
21 s +8+10 Seccretory delayed (day 17) 370

NM = not measured.

*Progesterone concentrations on the day of endometrial biopsy.

Table IL. Endomeuial morphology during conlinuuus treatment with | mg/
day mifepristone in subjects who had normal endometrium before treatment

Proliferative & (2)
Secretory normal 1
Secretory itregular or delayed 18 (5)
Mixed 7¢4)
Involuted 3@

Values in parentheses are the number of samples that presented dilated
glands.
“In all, 13 subjects conuributed three biopsies each. The four missing

biopsies correspond to insufficient sampie (v = 1) and biopsies mot taken in

the third and fifth treatment month.
*Endometrial biopsies taken before the progesterone risc.

Table Li1. Maximal endometrial thickaess according to luteal activity
during continuous treatment with | mg/day mifcpristone

Periods Luteal activity” No lutea! sctivity
mm {meas = SD (m)}* mm (mean = SD (a)]
(outlying values]® {outlying values)
Coatrol 1.7229 (1)
Teeatmeat
Month 1 11.2 223 (14) 9.6 = 1.9 (6)
(22}
Month 3 [t2=274n 1272186
{19) [20.22)
Month § 123=1.2¢9) 124 2 4.1 (%)
[18.20.24.27.28)

*Plasma progesierone concentrations >12 nmold in at least two consecutive
samples taken 1 or 2 days apart.

“ﬂm: values > 16 mun were excluded from the calculation of
mean = SD (a).

ion of outlying values in periods with versus wuhoui Juteal activity
(P = 0.023).

Discussion
Mifepristone given continuously at a dose of 1 mg/day dis-

fupted endometrial development in all subjects during treat-
meat. Only one of the 53 samples éxhibited a secretory
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endometrium in phase with the hormonal events, and this
occurred in the first treatment cycle. Howgver, 40% of the
cycles were monophasic, and bleeding cyclicity was altered
in 57% of cases—a much larger proportion than desirable.
These results suggest that a lower dosc might still affect
endometrial maturation without altering ovarian sex hormone
secretion. Recently Gemzell-Danielsson er al. (1997) reported
that the continuous daily administration of 0.5 mg/day mifepri-
stone for 3 months did not alter follicular growth, oestrone
glucuronide, pregnancdiol glucuronide, LH concentrations in
urine or cycle length, and that all five subjects ovulated during
treatment. At the same time endometrial development appeared
to be slighly retarded and exhibited decreased binding of
Dolichos biflorus agglutinin and decreased glycodelin expres-
sion. A dose of 0.1 mg/day had no significant effect on
the endometrium. It remains to be seen to what extent the
endometrial effects of 0.5 mg/day mifepristone exert a contra-
ceptive effect.

The study of Gemzell-Daniclsson er al. (1997) and our study
do not resolve the question of the feasibility of endometrial
contraception using a continuous low-dose antiprogestin but
provide a fair basis to select a dose for a phase 2 clinical trial
and also a basis for comparison between different antiprogestins
in future studies. An altemnative regimen for endometrial
contraception, which appears to be particularly suitable for
mifepristone in view of its long half-life in the- circulation
(Deraedt er al., 1985; Kekkonen et al., 1996), is the intermittent
or once a week administration reported by Gemzell-Dani¢lsson
et al. (1996). The once-weekly administration of 5.0 or 2.5 mg
delayed endometrial development and impaired secretory activ-
ity without inhibiting ovulation. The closest proof of the
feasibility of endometrial contraception so far has been the
single administration of 200 mg mifepristone in the early
luteal phase (Gemzell-Danielsson eral., 1993). When the
contraceptive efficacy of this regimen was tested in 21 unpro-
tected women in a total of 157 ovulatory cycles, only one
clinical pregnancy occurred. )

Another important issuc concemned with the use of con-
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tinuous low-dose antiprogestins for endometriz! cLatraceptics
is safety. It has been feared that the administration of anti-
progestin for prolonged periods of time will expose the
endometrium to continuous ocstrogen action not antagonized
by progesteronc, and that this could be unsafe for womean. Iu
this study the only endometrial alterations {ound that relatc io
this concern were increased endometrial thickness and dilated
endometrial glands. Six of the 19 subjects who completed the
study, who had increased endometrial thickness up tc & 18 mm,

ted the affected group. Although the numbeis were
100 small to draw any conclusions, there was a tenaency 1o
encounter these effects more frequently in the later than in the
carlier assessment periods. Similarly, the largest increases in
endometrial thickness (24, 27 and 28 mm) were only observed
in the fifth month of treatmeat. Another important feature was
that thickening was significantly more likely to occur in
assessment periods with no lutcal activity. Because most of
the increases were associated with ncither amenorrhoca nor
elevated oestradiol concentrations, they cannot be explained
by stronger ot longer oestrogenic stimulation. It is more likely
that unopposed oestrogen stimulation acting on predisposed
individuals is responsible for greater endometrial growth. This
is difficult to prove, but the fact that subjects who had
thicker endometrium in the contol cycie were more likely to
have increased endometrial thickness during treatment suggests
that this may be the case.

The finding of dilated glands in endometrial samples taken
during treatment is in contrast to the significant decrease in
the diameter of glands reported during the second month of
treatrment with $ mg mifepristone administered once a week
(Gerzell-Danielsson et al., 1996) and during the third month of
treatment with 0.5 mg/day mifepristone (Gemzell-Danielsson
etal, 1997). The different endometrial response observed in
our study does not have an obvious explanation. In the studies
of Gemzell-Daniclsson eral. (1996, 1997), mean glandular
diameter was calculated from morphometric assessment. In
our study the labelling of a sample with dilated glands resulted
from the visual assessment performed by the pathologist at
low magnification; however, this methodological difference is
unlikely to explain contradictory findings. In the study with §
mg/week mifepristone, it is likely that partial suppression of
ocstradiol conceatrations may have occurred. In addition,
this dose may have a qualitatively different effect on the
eadometrium. In the study with 0.5 mg/day mifepristone only
five women were studied, and this low number, combined with
low incidence of the event, may have eliminated the chance
of observing samples with dilated glands. The significance of
this type of gland is pot evident from these data because no
tigns of endometrial hyperplasia were observed.

The fact that secretory signs were observed in the endo-
Mmetrium of women with preserved ovarian endocrine function,
despite the amtiprogestin treatment, could be interpreted as
incomplete blockade of progesterone action by the dose used.
Hf’“’“ﬁ. the same sccretory signs were also dbserved in
biopsies taken in periods with no luteal activity. Because it
has been reported that mifepristone can have agonistic effects
on the endometrium, in particular under conditions in which
endogenous progesterone is prescat at low concentrations
798 '
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(Gravanis <t al, 19835), Cis may tiso be the case for these
szmplcs.

The results of this study confirm that srdometrial maturation
can be affected by wie daily administration of low doses of
mifcpristone without neces<+rily altering ovarian sex hormone
secretion. Whether or not those endometrial alterations will
be sufficient to prevent implantation remains to be established. .

A tendency for progressive effects over 5 months of treat-
meut was Jetected at both the ovarian and endometrial level.
Its significance is unclear, but it is advisable that this type of
phase 1 siudy is conducted over extended periods of continuous
drug exnosure. Lot
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The effectiveness of a sequential regimen consisting of
mifepristone, 10 mg/day for 15 days, followed by nomeges-
trol acetate (NOMA), 5 mg/day for the next 13 days,
for inhibiting ovulation and maintaining regular bleeding
cycles was assessed in 10 surgically sterilized volunteers
who were followed for one pretreatment and three treated
cycles. Hormonal determinations in blood and urine,
ovarian ultrasonography, bleeding records in all cycles and
an endometrial biopsy taken on day 22-25 of the third
treatment cycle were used to monitor the effects of treat-
ment. During treatment, 24 monophasic (no sustained
progesterone rise above 12 nmol/1) and six biphasic cycles
were reeorded. Nine follicular ruptures were detected
echographically in these 30 treated cycles, five of which
occurred in monophasic cycles. All follicular ruptures
occurred on days 1-7 of NOMA treatment. Echographic
and endocrine features of ovulatory cycles were both
present in only four treated cycles (13.3%). Development
of a secretory endometrium was achieved in all cases,
but it was always irregular. Regular withdrawal bleeding
occurred in all subjects and no adverse reactions were
recorded. The ovarian and endometrial effects of this
regimen justify testing its contraceptive effectiveness in
phase 2 clinical trials.

Key words: contraception/mifepristone/nomegestrol acetate/
ovulation inhibition/women

Introduction
An antiprogestin—progestin sequential regimen has been pro-
posed as an oral contraceptive method devoid of exogenous
oestrogen and able to inhibit ovulation while maintaining
regular bleeding cycles. In this regimen the antiprogestin is
2iven for 15 days and the progestin for the next 13 days. This
reatment cycle is repeated continuously without pill-free
intervals.

The concept of this method arose from the demonstration
that mifepristone, given during the follicular phase, arrests

© European Society of Human Reproduction and Embryology
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further follicular development and postpones ovulation (Liu
et al., 1987; Luukkainen er al., 1988; Ledger er al., 1992;
Croxatto et al., 1993, 1995). Thus, under mifepristone adminis-
tration, ovulation is prevented but sufficieat endogenous oestra-
diol is produced to stimulate endometrial growth. The progestin
given following the antiprogestin course should have three
effects: (i) prevent ovulation by a pegative feedback on
gonadotrophin secretion; (ii) antagonize temporarily the endo-
genous oestrogens; and (iii) transform the oestrogen-primed
endometrium into a progestational endomgtrium, with con-
sequent bleeding upon withdrawal of the progestin. The
reinstatement of the antiprogestin, on the day after the last
progestin pill is taken,.should reinforce the effect of the
progestin withdrawal upon the endometrium, ensuring the
onset of bleeding, at the same time that it would prevent
follicular escape. )

Previous phase 1 studies, using mifepristone, 5 mg per day,
as the antiprogestin, and norethisterone (Kekkonen et al., 1990,
1993) or. medroxyprogesterone acetate (Kekkonen ez al., 1993,
1995; Croxatto et al., 1996) as the progestin, have shown that
this regimen inhibits ovulation but not at sufficiently high rates
to achieve an acceptable contraceptive efficacy if it were used
by unprotected women. A luteinizing hormone (LH) rise,
follicular rupture or the rise of progesterone occurred in some
treatment cycles, always during the administration of the
progestin. Contrary to expectation, in. some instances, the
progestin appears to trigger a pituitary gonadotrophin surge
when the effect of the antiprogestin wanes (Kekkonen et al.,
1993, 1995; Croxatto et al., 1996). This surge fails to produce
a full ovulatory response in some cases, presumably in those
in whom the follicle has not reached maturity.

Alterations in the bleeding pattern are associated with several
highly effective contraceptive methods and they reduce their
acceptability. The bleeding pattern observed with this regimen
has proved to be quite regular in all cases and this has
encouraged attempts to improve the rate of ovulation sup-
pression.

In the present study, we investigated the efficacy of mifepri-
stone, 10 mg per day for 15 days, to ensure arrest of follicular
growth, followed by the progestin nomegestrol acetate
(NOMA) for 13 days. At the dose of 5 mg per day, NOMA
has been reported to have potent gonadotrophin-suppressing
activity and to inhibit ovulation (Bazin er al., 1987; Couzinet
et al., 1996). Because of the carry-over effect of this regimen
into the next cycle, this phase 1 study encompassed three
successive treatment cycles.
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Materials and methods

A tota) of 10 healthy sterilized women. regularly cycling. mean age
36 years (range 30-40) and mean weight 59 kg (range 45.5-67.0)
volunteered for the study. Subjects were admitted after giving informed
consent. The study was approved by the Ethics Commitiee of
ICMER and by the Eastern Virginia Medical School lnstitutional
Review Board.

This was an open, non-randomized, phase 1 clinical study. in which
each volunteer was her own control. Each subject was studied for
one baseline cycle, three consecutive 28-day periods of treatment and
one posi-treatment cycle. During each period of treatment. each
volunteer received mifepristone (RU486; Roussel-Uclaf, Romainville,
-France), 10 mg/day, on days 1 to 15 of the cycle and nomegestrol
acetate, NOMA (Lutenvl; Laboratorios Silesia S.A., Santiago, Chile)
S mg/day, on days 16 to 28 of the cycle. The entire sequence was
reinitiated on the day following the last NOMA pill. regardless of
the occurrence of menses.

Each subject recorded pill ingestion time, bleeding, spotting, any
symptoms, concurrent iliness and other drug intake. Haematology and
serum chemistry (serum glutamic oxalacetic and pyruvic transaminase,
lactic dehydrogenase, alkaline phosphatase, bilirubin. total protein,
cholesterol, uric acid. urea nitrogen, glucose, inorganic phosphate
and calcium) were assessed at admission, at the end of treatment and
after the post-treatment cycle. Blood samples were taken twice a
week throughout the study from each volunteer to determine oestradiol
and progesterone concentrations. A first morning urine sample was
collected daily for measuring LH concentration. Ovarian and uterine
echography. using an Aloka SS D 620 ultrasound system. with a 5-
MHz vaginal probe, were performed twice a week throughout the
study, 10 assess follicular growth and endometrial thickness. An
endometrial biopsy was taken in the third cycle of treatment, on day
7 10 10 of NOMA intake, 1o assess endometrial histology according
to the criteria of Noyes er al. (1950) or Maqueo (1980).

Hormones in plasma and LH in urine were measured according to’

the procedures and with the reagents supplied by the World Health
Organization. The lower limits of sensitivity for oestradiol, progester-
onc and LH assays were 100 pmoll, 1.9 nmol1 and 1.6 TUA
respectively. The ranges of the intra-assay coefficients of variation of
low, medium and high pool, for oestradiol, progestcrone and LH
were 6-7%, 5-10% and 4-6% respectively. The ranges of the inter-
assay coefficients of variation were 12-21%, 12-15% and 8-16% for
oestradiol, progesterone and LH respectively. Creatinine concentration
in urine samples, final dilution 1:100, was determined by colorimetric
assay, using creatinine (Sigma Chemical Co. St. Louis, MO, USA)
as standard. Colour was developed using NaOH and picric acid and
optical density was read, after 30 min, at 490 nm in a Microplate
Autoreader (Boots-Celltech, Diagnostics Limited, Slough, UK). The
inter-assay coefficient of variaton of the low, medium and high
standard concentration were 5%, 5.6% and 3.2% respectively.

Data analysis

The following working definitions were used in the analysis of the data:
Length of the cycle and of the phases: cycle length was calculated

counting from the first day of menses until the day preceding the

pext menstrual-like bleeding. both inclusive. The -day of maximum

LH nise in urine, followed by at least a doubling of progesterone

concentrations, or the first day in which the follicular echo-unage

disappeared, was designated day | of the luteal phase.

Follicular rupture: abrupt disappearance ora reduction in size of
at least 50% of the echo-image.

Ovulation: follicular rupture followed by plasma progesterone
concentration over 12 amol/, in at least two samples taken during
the luteal phase.

3298
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Table 1. Efiect of mifepnsione—nomegestrol acetat= sequertial regimen on
ovarian function

Cycle - n hlgb:..( ocstradiol  Highest progesterone
concentativn concentration
(pmol/1) (nmol/N}
« (mean = SE) (mean = SE)

Baseline 10

Ovulatory* 10 1 = 4 <13 = 39

Treatment 30 -

Biphasic 6 236 = 3.3¢
Ovulatory 4 561 = 70* 220 = 49
LUF** 2 40] = 14} 268 = 1.1

Monophasic 24 369 = 31®
Follicular rupture 5 416 = 14° 153 = 2.9%°
No follicular rupture 19 357 = 34° . 58 = 1.1

* All biphasic.

**Luteinized unruptured follicle.

**<in each of these five cycles. pmgenemne level was above 12 nmol/l
only in a single sample.

*Not significantly different from baseline cycle.

bSignificantly different from ovulatory treated cycle. Analysis of vaniance
{ANOVA), P < 0.025.

“Not significantly different from ovulatory treated cycle.

9Significandy different from baseline cycle;: ANOVA, P = 0.0072.

Enlarged follicle: follicle with a mean diameter >25 mm.

Luteinized unruptured follicle: persistent echo-image of the domin-
ant follicle, associated with increased plasma progesterone concen-
trations.

Biphasic cycle: cycle in which plasma progesterone concemnuons
rose over 12 nmol/l, in at least two samples, otherwise it was

monophasic.
Differences in the length of the cycles the highest plasma hormone

concentrations (oestradiol and progesterone) and maximal endometrial
thicknesses, between baseline and treatment cycles and within treat-
ment, were compared using analysis of variance.

Results

Ovarian function

All baseline cycles were ovulatory (Table 1, Figures 1 and 2).
The highest plasma oestradiol concentrations were in the range
399-1171 pmol/l (mean * SE: 691 = 250 pmol/), the luteal
phase was 13.2 days on average (range:' 10-15), and the
highest progesterone concentrations were in the range 32-
75 nmoll (41.3 = 3.9). The largest follicular diameters
tecorded in basal cycles prior to follicular rupture were in the
range 15-21 mm (18.4 = 0.7).

Throughout treatment, nine follicular ruptures were detected
in five of the 10 participants, twice in each of four women
and once in another. Three of these five women presented
ovulatory cycles, one ovulated twice and two ovulated once
cach (Figure 1). The other five of these nine follicular ruptures
were not followed by a luteal phase (see below) and were
detected in three women.

The frequency of ovulatory cycles during treatment was

 greatly reduced (Figure 2). Follicular rupture was inhibited in

21 of the 30 cycles (70%). However, five of the nine follicular
ruptures did not meet the endocrine criteria for ovulation.
therefore 26 of the 30 cycles (86.6%) were considered anovula-
tory. Only six cycles were biphasic and four of these were
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Figure 1. Effect of mifepristone-nomegestrol acetate sequential
regimen on urinary luteinizing hormone (LH) concentrations and
follicular rupture. Shaded and open lanes represent the periods of
eatment with mifepristone, 10 mg/day for 15 days, and
nomegestrol acetate, 5 mg/day for 13 days, respectively. The solid
line shows LH concentrations, and arrows indicate the time when
abrupt disappearance or a reduction in size of at least 50% of the
echo-image of the leading follicle was observed. OV = follicular
rupture followed by sustained rise in progesterone concentrations;
FR = follicular rupture not followed by sustained rise in
progesterone concentrations.

Number of Subjects

First Second Third Recovery

Baseiine
cyde

cle
Treatment Penods i

Figure 2. Ovarian function during mifepristone-nomegestrol
acetate sequential regimen, as in Figure 1. Each bar represents the
number of subjects with biphasic (shaded bars) and monophasic
cycles (open bars) during one baseline, the three treatment and one
post-treatment cycles. Closed symbols represent the number of
ovulatory cycles observed at each period.

associated with echographic and endocrine features of ovulat-
ory cycles. In the two remaining biphasic cycles, a luteinized
unruptured follicle was observed. Follicular rupture was
observed also in five of 24 monophasic cycles. All follicular
ruptures occurred on days 1-7 of NOMA treatment. The largest
follicular diameter recorded on days 13-15 of mifepristone
was in the range 4-14 mm in 21 cycles and 15-20 mm in the
other eight cycles. In one cycle, a follicle of 18 mm from
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Figure 3. Highest plasma oestradiol and progesterone
concentrations during mifepristone—nomegestrol acetate sequential
regimen, as in Figure 1. Open symbols correspond to highest
concentrations detected in ovulatory treated cycles.

the preceding cycle persisted growing during mifepristone
treatment, attaining 25 mm, and became enlarged during the
next progestin period, attaining 29 mm. In the nine cycles in
which follicular rupture was detected, the largest follicular
diameters observed on days 13-15 of mifepristone were in the
range 10-20 mm and they reached 15-25 mm prior to follicular
rupture. Maximal follicular diameters, on days 13-15 of
mifepristone, in cycles in which no follicular rupture was
detected were in the range 4-17 mm, excluding the enlarged
follicle, with a median of 8.6 mm. Three enlarged follicles,
with maximal diameters of 26, 28 and 29 mm were observed
during treatment; all of them grew over 25 mm after the onset
of NOMA intake and disappeared spontaneously at the time
of the next menses.

A rise in LH concentrations was detected-in urine, in 23
cycles during treatment. The magnitude and/or the sharpness
of the surge was lower than in the baseline, in most cases.
Follicular rupture occurred on the same day of .the highest
value only in three cycles, and two of them were considered
ovulatory according to previously descfibed criteria, .In the
other six cycles, the LH rise preceded follicular rupture by
several days. In contrast, a clear LH peak was observed in
two monophasic cycles (Figure 1). Creatinine concentrations
in urine during treatment were not different from those in the
baseline cycles.

Progesterone concentrations in biphasic cycles (n = 6) were
significantly decreased (P = 0.0072) in comparison with
those -obsetved in the control cycles (Table I). The highest
progesterone concentrations (Figure 3) observed in each of the
four ovulatory cycles (22.0 = 4.9 nmol/, range: 12.7-34.8)
were also significantly below (P = 0.04) the range observed
during their corresponding control cycles (37.4 = 1.5 amol/1,
range: 35.3-41.8).
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Figure 4. Bleeding pattern before, during and after three treatment
cycles with mifepristone—nomegestrol acetate sequential regimen.
Black areas represent bleeding episodes. The height of the black
bars indicates daily amount of bleeding (low: spotting. medium:
normal; and high: heavy). Shaded and open lanes as in Figure 1.

The highest oestradiol concentrations (Figure 3) in ovulatory
treated cycles (561 = 70 pmoll. range: 383-723) were
not different from those in their respective baseline cycles
(685 * 124 pmol/l, range: 440-831) but were significantly
higher (P < 0.025) than in monophasic cycles (369 * 31
pmol/l, range: 177-781). Highest oestradiol concentrations
below 440 pmol/l were recorded in three women in the three
treated cycles, in two women in two cycles and in another two
women in a single cycle. In one cycle, oestradiol concentrations
increased at the end of the NOMA period, remaining high
during the 15 days of mifepristone intake (700-800 pmol/),
decreasing within the first 3 days of the next NOMA period.
These oestradiol concentrations accompanied the growth of
one enlarged follicle that attained a maximal diameter of
29 mm.

Cycle length and bleeding pattern

The first treated cycle (30-33 days in range), but not the
second one (26-29 days), was longer than the baseline (24—
30 days) due to a prolonged follicular phase (P = 0.0001).
The third treated cycle (27-34 days) and its lutcal phase were
also longer than the baseline. probably due to the lack of an
ensuing antiprogestin treatment period (P = 0.0001). The post-
treatment cycle (16-30 days), in most cases, was shorter than
the baseline (P = 0.0237).

The bleeding pattern during treatment was regular (Figure 4).
Bleeding started 4, 4 and 6.5 days (median) after the first,
second and third progestin treatment period respectively. As
shown in Figure 4, the duration of bleeding episodes during
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Table I1. Effect of mifepristone-nomegestrol acetate sequential regimen on
maximal endometrial thickness

Cycle n Thickness (mm)

Mean = SE Range
Baseline 10 141 =05 12-17
Treatment
First 10 103 = 0.7* 8-15
Second 10 99 £ 0.5 7-12
Third 10 101 = 0.3* 9-11
Biphasic 6 112=08 10-15
Moanophasic 24 9.8 = 0.3 7-12
Post-treatment 10 11.3 = 0.6" 9-15

*Significantly different from baseline cycle: analysis of variance, P =
0.0001.
*Not significantly different from biphasic cycle.

treatment cycles (mean * SD: 4.8 = 1.6 days, range: 2-9)
was not different from that of the baseline (5.3 = 1.9 days,
range: 2-9). Total absence of breakthrough bleeding or spotting
was observed.

Endometrial morphology

The maximal endometrial thicknesses attained during the
treatment cycles were lower than those observed during the
baseline cycles. independent of the monophasic or biphasic
profiles (Table II). Endometrial biopsies taken on days 7-10
of the third progestin treatment period showed. disturbed
development in all cases. All samples presented secretory signs
but with a heterogeneous development of the glands, coexisting
straight glands with stratified epithelium and coiled glands
lined by high or low cylindrical epithelial cells, with secretion
in vacuoles of basal and/or apical localization, and/or in the
lumen. This glandular development was accompanied by a
dense stroma, with infrequent oedematous areas in most cases,
in which no vascular development or signs of focal predecidual
reaction were observed.

Recovery cycles

All cycles were biphasic and associated with echographic
features of the ovulatory cycle. These cycles were shorter than
the baseline due in some cases 1o a shortening of the follicular
phase and in others of the luteal phase. The maximal endomet-
rial thicknesses in these cycles, although higher than in
treatment cycles, were still below the growth attained in
baseline cycles.

Side-effects

No untoward reactions or side-effects were recorded, and
laboratory tests were within the normal range at the end of
treatment.

Discussion

The sequential treatment tested affected ovarian function and
endometrial development in all women in all cycles tested.
albeit to a different degree, which ranged from total suppression
of both follicular rupture and luteinization, or either one, t0
partial suppression of luteal-phase progesterone concentrations.
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Some monophasic cycles were also associated with lower
oestradiol peak concentrations. Except for the occurrence of
follicular rupture in' monophasic cycles. these polymorphic
changes in ovarian function are to be expected from previously
desc-ibed effects of the antiprogestin on the pituitary-gonadal
axis (van Uem er al., 1989; Croxatto er al., 1995). Follicular
growth was partially inhibited in the majority of cycles during
mifepristone treatment, and ovulation was less likely to occur
in cycles exhibiting a stronger inhibition. The mechanism of
this antifolliculotrophic effect of mifepristone remains to be
disclosed, although the results of two recent studies, in which
doses of 10 mg/day (Kazem er al, 1996) or 50 mg/day
(Messinis et al., 1997) were used, suggest it is more likely
a direct effect on the ovary rather than a disturbance of
gonadotrophin secretion.

The absence of a clear pre-ovulatory LH peak in urine
suggests either that oestradiol concentrations did not reach the
critical level to exert a positive feedback or that a central
effect of wreatment interfered with the positive feedback of
oestradiol on LH secretion (Baird er al., 1995) The design of
the study does not enable us to conclude whether this effect
is due to antiprogestin, progestin or their interaction. Whatever
the case, this effect persisted in the post-treatment cycle, since
an LH surge, similar to that seen during pretreatment, was
observed in only one case.

Maximal endometrial thickness was decreased during treat-
ment. Even in the four ovulatory cycles with oestradiol peaks
as high as in basal cycles, the thickness values found were
below the range of basal cycles. It is most likely that this
reflects the antiproliferative effect of mifepristone (van Uem
et al., 1989; Cameron et al., 1996; Neulen er al., 1996). On
the other hand. 10 of the 24 monophasic cycles had maximal
endometrial thickness values below 10 mm, whereas all six
biphasic cycles had 10 mm or more. This difference did not
reach statistical significance, probably due to the low number
of biphasic cycles. Nevertheless, it suggests that the lower
oestradiol concentrations encountered in monophasic cycles
also contributed to a decreased endometrial proliferation.

The morphology of the endometrium, exposed to the exogen-
ous progestin for 6 to 9 days, showed discrepant development
among neighbouring glands as well as between the glands and
stroma. The heterogencous development of the glands was
accompanied by scarce stromal development, in which vascular
development and focal predecidual reaction failed to develop.
This irregular development of the endometrium differs from
that described for combined and sequential contraceptive pills
(Dallenbach-Helweg, 1980; Maqueo. 1980). The changes in
the stroma reflect a low to mild oestrogenic stimulus, followed
by a sluggish response to the progestin. Glandular development
was neither hyperplastic nor atrophic, as seen with the sequen-
tial and high-dose combination pills. The irregular development
of glands suggests an uneven effect of the antiprogestin and/
or the progestin on their target cells. Nevertheless, the most
advanced development of glands was always far ahead of the
sttoma and behind that required for the synchrony with
the embryo.

The occurrence of withdrawal bleeding, 2 to 5 days after
reinitiating the antiprogestin pill intake, was highly predictable.
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The lengths of bleeding episodes were not different from those
recorded before treatment. Breakthrough bleeding, intermen-
strual spotting or amenorrhoca were not seen.

An acceptable contraceptive efficacy can be expected from
the observed effects of this regimen on ovarian function and
endometrial development. From the data, 13% of ovulatory
cycles are to be expected with this regimen. Since follicular
rupture occurs 7 to 13 days before. restarting the antiprogestin
intake, and implantation occurs 7 ® 9 days after follicular
rupture, if implantation should take place, it would be as carly
as 4-6 days before the next antiprogestin intake and as late as
1-3 days during progestin intake. In addition, endometrial
stroma is delayed and the development of glands is highly
irregular, therefore, it is unlikely that the endometrium would
be receptive. Cervical mucus, which was not evaluated in this
study, may be also affected by this treatment. Since follicular
rupture takes place during the period of treatment with the
progestin, it is likely that, in most instances, cervical mucus
will be hostile to spermatozoa before and at the time of
ovulation (Chretien ez al., 1991).

No serious adverse side-cffects have been reported by
women using the antiprogestin—-progestin sequential regimen
during this or previous studies (Kekkonen er al., 1990, 1993,
1995; Croxatto er al., 1996). Peak oestrogen concentrations in
monophasic cycles were lower than in baseline cycles, however,
enough oestrogen was secreted to stimulate endometrial
growth, to prevent breakthrough bleeding and to render the
endometrium responsive to the progestin and to its withdrawal.
Ovarian cysts, reported for the continuous 10 mg mifepristone
regimen (Croxatto er al., 1993), were not seen with this
regimen, and the few enlarged follicles observed disappeared
at the time of next menses.

Based upon the resuits of this study and previous clinical
experience with these steroids, the present mifepristone—nome-
gestrol acetate sequential regimen is expected to offer high
contraceptive efficacy, excellent bleeding control and to be
safe and relatively free of side-effects. It affords a definite
advantage for women who cannot use the combined pill and
for those who have low tolerance to bleeding disturbances.
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This study examined ‘the fine structure of the human
endometrial glandular epithelium after the administration
of a single dose of RU486 (mifepristone), given in the early
luteal phase. The drug was administered on days 2, 3, §
and 6 after the luteinizing hormone peak (LH + 0). Biopsies
were performed on days LH+5, 6, 8 and 9. These were
compared with control biopsies taken on corresponding
days. Qualitatively, the main cytological effect of the RU486
was on the secretory apparatus and on the polarity of the
cell. The formation of the nuclear channel system was also
affected by the drug. A two-way analysis of variance on
cell and nuclear volume data revealed no significant effect
of day of biopsy, condition or interaction. Mitochondrial

volume and secretory apparatus volume data revealed a

significant effect of day of biopsy and interaction term;
mitochondrial volume at LH+5 was 959 + 253 um®
(mean * SD) for control and 57.7 = 31.9 um? for RU486-
treated epithelium. The volume of the secretory apparatus
in the treated group was smaller on days LH+5 and 6
(14.6 = 4.2 pm3, 6.41 = pum® when compared to day-
matched control biopsies (359 + 10.5 um®, 41.7 = 26.4
pm?®). RU486 administration in the early luteal phase
disrupted the secretory activity of-the cells. These findings
provide an insight into the cellular mechanisms of proges-
terone receptor blockade in the peri-implantation period.
Key words: electron microscopy/endometrial glands/mifepris-
tone/morphometry/RU486

Introduction

RUA486 (Roussel-Uclaf, Paris, France; also known as mifepris-
tone) is a synthetic steroid which blocks the biological effects
of progesterone at the receptor level (Baulicu, 1994). The most
significant effects of progesterone are on the endometrium in
the carly luteal phase, where the hormone is necessary to allow

implantation of the blastocyst and to support its development -

through early pregnancy. By abolishing these effects, RU486
is believed to prevent implantation, if given early enough in
the luteal phase (Glasier eral., 1992; Gemzell-Danielsson
etal., 1993), and to induce abortion if given after successful
implantation has taken place (Hermann et al., 1985; Schaison
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et al., 1985; Shoupe eral., 1990; Van Look and von Herzen,
1995). The effect of RU486 on the endometrium depends
upon timing of treatment and dose given (Gemzell-Danielsson
etal., 1996).

We have previously examined the precisely timed sequence
of changes in the structure of the human endometrium through
the first half of the luteal phase, in endometrial biopsies
accurately dated from the surge in luteinizing hormone (LH):
the subjects were carefully selected, normal women of known
fertility (Li er al., 1987, 1988a; Dockery er al., 1988a,b, 1990).

Against this background of precisely dated reference data,
we have reported (Li er al., 1988b) the effects of a single dose
of RU486 on the structure of the endometrium using light
microscopy. RU486 inhibited secretory activity, accelerated
degenerative changes, affected the stromal blood vessels,
increased stromal, though not epithelial, mitotic rate and had
no obvious effect on the predecidual reaction. In a subsequent
study, Graham efral. (1991) reported that a single dose of
RU486 given on LH+2 (where LH+0 was the LH peak)
prevented the appearance of a luteal-specific secretory glycan,

 whereas_administration of the drug on LH+5 did not prevent .

its expression. These studies, however, gave no insight as to
the fate of the secretory triad (Comillie er al., 1985: Dockery
and Rogers, 1989) of cellular events in the glandular epithelium.

Thus the aim of the present study was to redress these
shortcomings by examining the effect of the administration of
a single dose of RU486 given in the ecarly luteal phase of the
menstrual cycie on the fine structure of the human endometrial
glandular epithelium.

Materials and methods

All women participating in this study were healthy volunteers who
presented either for tubal sterilization or for the reversal of tubal
sterilization. Women were only accepted into the study if they met
the following criteria: (i) they were fertile, (ii) they had regular,
normal menses with cycles of 25-35 days, (iii) they wére aged 18-
40 years, (iv) they had no demonstrabie uterine pathology. (v)
they had not used an intrauterine contraceptive device nor an oral
contraceptive and had not received any hormone therapy in the
previous 2 months. In addition, women recruited for the study had a
baseline endometrial biopsy (biopsy 1) performed just before the
administration of RU486 to ensure that they had normal endometrium;
any individual whose biopsy was found to be abnormal was excluded
from the study. For full details of these women, sec Li er al. (1988b).

Ethical considerations

This study was approved by the Southem Hospitals Ethics Committee
of Sheffield, UK. All women taking part in the study had explained
to them the nature and purpose of the study, the procedures, the

© European Society for Human Reproduction and Embryology
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study at any time. Each volunteer gave informeq written coasent
before participating in the study. e

Chronological dating

Daily LH assays were performed on blood or morning urine samples
from all subjects, starting on day 9 of the menstrual cycle (Li er al.,
1987). The LH peak was identified from these assays, and all
subsequent procedures were dated from-it: LH+0 was the day of the
LH peak.

Administration of RU486

A single dose of RU486 was given in the first half of the luteal phase
between days LH+2 and LH+6. A variable dose of 5-200 mg was
given to the women; an up-and-down design (Montecarlo stimulation)
was used to determine the doses (See Li eral., 1988b).

Endometrial biopsies
Full details are given by Li eral (1988b). Bascline endometrial
biopsies were taken immediately prior to RU486 administration. -

Experimental biopsies

A second biopsy was systematically taken from each subject 3 days
after administration of RU486. This was obtained from a site further
from the first biopsy, so as to minimize any impact of the first biopsy
on the morphological features studied. The first biopsy helped to
ascertain that endometrial development prior to RU486 administration
had been normal; consequently, it was possible o eliminate recruit-
ment of patients with pre-existing abnormal biopsies. We had previ-
ously performed a pilot study (Li, 1988) and shown that the biopsy
taken 3 days previously did not significantly alter the structural
development of the endometrium at the light microscopic level
according to the criteria of Noyes et al. (1950), although one patient
showed an increased infiltration of lymphocytes. It is uncertain
whether or not this would affect the ultrastructure of the glands. On
the basis of the above two arguments, we felt justified in assuming
that the first biopsy did not significantly alter the results of the present
study, which was restricted to changes occurring in the glandular
epithelium. Second endometrial biopsies were taken on days LH+5,
6. 8 and 9. In the present study, four or five women were biopsied
on cach day. -

4

Control biopsies

Some of the baseline biopsies, along with others taken from similar
subjects who were not given RU486, were used to create a control
group of 17 women (sec Table I).

Biopsy procedure

Biopsies were taken as an outpatient procedure with or without
Entonox analgesia. All biopsies were performed by one operator
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Histological processing is described in more detail in an earlier paper
(Dockery et al.. 1988b). To summarize, the tissue was fixed in 2%
glutaraldehyde and cut up in a standardized manner which yielded
five pieces of tissue. Two large pieces of tissue were used for
histological dating by light microscopy (Li e al., 1988b) and immuno-
cytochemistry (Graham etal., 1991). The rest were processed for
transmission electron microscopy.

In the present study, sections with a silver-grey interference colour

. . _ . - (70 am thick) were obtained from two blocks per biopsy, using a
possible side effects of RU485, and their rigit jo withdr=w from the - :

diamond knife on a Reichert OMU4 ultramicrotome. Sections were
picked up on 200 mesh copper grids, stained with uranyl acetate and
lead citrate and examined oa a Phillips EM301 or CM10 electron
microscope. Semi-thin sections were obtained from some of the
biopsies and stained with Toluidine Blue. These sections were used
for morphometric analysis.

Morphometric procedure for examination of glandular epithelium
This procedure has already been described in detail (Dockery etal.,
1988b, 1991). The volume of nuclei was estijpated and combined
with various cellular proportions to obtain cell and cytoplasmic
dimensions. In the present study, these measurements were made on
post-RU486 biopsies at days LH+5, +6, +8and +9(n = 4 in each
group). These were combined with data from control biopsies (n =
4 or 5) in each group at corresponding days.

Statistical methods

Initially, each parameter was estimated for each individual, then the
mean = SD was calculated for each group. A two-way analysis of
variance (ANOVA) was performed to examine the effect of day (of .
biopsy), treatment and interaction. A one-way analysis of vanance
followed by Tukey's test was then performed to examine differences
between groups. The conventional probability of P < 0.05 was taken
as the limit of statistical significance. All of the tests were performed
using SPSS software on an IBM compatible PC.

Results

Qualitative findings for control biopsies

Control biopsies were in line with those described by Dockery
et al. (1988b) and Comillic er al. (1985) at day LH+5. The
characteristic secretory triad was well developed in the control
material, with giant mitochondrial profiles and glycogen
deposits prominent in the basal cytoplasm. Nuclear channel
systems were well developed. At LH* 6, the secretory appar-
atus in the control material was now very elaborate. By LH+8,
the secretory apparatus was not as well developed as before
and small glycogen deposits were present throughout the
cytoplasm. Intercellular interdigitations between adjacent epi-
thelial cells were a prominent feature of the coatrol cells.
At LH+9/10, there was a degree of heterogeneity in cell
morphology, with cuboidal and columnar cells seen. No nuclear
channel4systems were seen and the secretory apparatus was
relatively poorly developed.

Qualitative findings for RU486-treated biopsies

In the present study, we found that a single variable dose of
RU486 in the carly lutcal phase affected the secretory
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Figure 1. Glandular epithelial cells from RU486-treated biopsy at
LH+S. Note lack of characteristic polarity and presence of
degenq-ing cells (bar = S pum).

Figure 2. Degenerating cell in glandular epithelium of RU486-
treated biopsy (LH+8) (bar = | um).

machinery of the glandular epithelial cells; the picture was
similar on all days studied. The cells were tall and columnar,
and there was a loss of the highly polarized phenotype
characteristic of control biopsies at days LH+S5 and +6
(Figure 1).

The secretory apparatus was less developed than in the
control biopsies, particularly at LH+5 and +6. Some cells
appeared to have undergone complete cellular breakdown
(Figures 1 and 2). These dead cells corresponded to the
‘apoptotic bodies’ described by Li ef al. (1988b). Lysosome-
like bodies were common in the apical and basal cytoplasm.
Mitochondrial profiles were generally small and distributed
throughout the cytoplasm (Figures 3 and 4). A few ‘giant’
mitochondrial profiles were present in only one biopsy, from
a patient given a low dose of RU486. They were not confined
to the basal portion of the cell (Figure 5). Occasional cells had
small deposits of glycogen-rich material distributed throughout
the cywoplasm (Figure 3). Electron-dense, lipid-like bodies
were another feature of the RU486-treated cells (Figure 6).
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Figure 3. Apical portion of gland cell from RU486-treated biopsy.
Note small mitochondrial profiles (bar = | um).

Figure 4. Basal portion of gland cell from RU486-treated biopsy ai
LH+6 (bar =" um). ’

The nuclei were large and plump (Figure 7). Nuclear channels
were present in only one RU486-treated biopsy at LH+5
(Figure 8). This biopsy exhibited a greater degree of polarity
compared to other treated biopsies taken at this time.

With the relatively small numbers of subjects, it was not
possible to state with confidence that the effects of RU486
were dose dependent. However, at the ultrastructural level, we
found that the lower doses of 25 and 50 mg produced fewer
effects than =100 mg. This was different from our earlier repont
based on a light microscopical assessment (Li er al., 1988b).

Quantitative findings

Cell volume

A two-way ANOVA of cell volume data revealed no significant
effect of day of biopsy, treatment or interaction (Tables Il and
III). At day LH+S5, the cell volume of the control group was
numerically larger than that of the treated group: this was
reversed at day LH+9/10. In the.control group. the mean cell
volume decreased from 1237 um® at LH+5 to 871 pm® by
LH+9/10. These differences, however, were not statistically

significant.
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Figure 5. Apical portion of glandular epithelial cell from treated
biopsy at LH+8. Note presence of giant mitochondrial profiles
(bar = | pm).

Figure 6. Characteristic electron-dense, lipid-like deposits in the
apical cytoplasm of an RU486-treated biopsy (bar = 1 um).

Nuclear volume

A two-way ANOVA of nuclear volume data also revealed no
effect of day of biopsy, treatment or interaction (Tables II
and III).

Nucleolar volume

A two-way ANOVA of nucleolar volume data revealed a
significant effect of day of biopsy but no effect of treatment
or interaction (Tables IT and MI); the nucleoli were found to
be largest at day LH+35 in both groups and smaliest at LH+9/
10: this decrease represents 30% in the control gmup and 40%
in the treated group.

Organelle volumes

Mitochondrial volume

A two-way ANOVA revealed a significant effect of day of
biopsy and a significant interaction (Tables II and IV). The
largest mean mitochondrial volume per cell was found in the
day LH+5 control; this was significantly larger than all
other biopsies.

-~
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Figure 7. Nucleus of epithelial cell from RU486-treated biopsy at
LH+8 (bar = 1 ym).

Figure 8. Two nuclear channel systems in nuclei of treated biopsy
at LH+5 given 25 mg of RU486 (bar = 1 um).

Glycogen volume

A two-way ANOVA revealed a significant effect of interaction
but borderline effect of day of biopsy (Tables II and IV). The
coefficient of variation [i.e. (SD X 100)/mean] of this parameter
was very large. The largest volume was found in the LH+5
control biopsies. '

Rough endoplasmic reticulum volume
A two-way ANOVA revealed no significant effect of day of
biopsy, treatment or interaction (Tables IT and IV).

Secretory apparatus volume

A two-way ANOVA on the volume of secretory apparatus
revealed a significant effect of day of biopsy, treatment and
interaction (Tables II and V). The volume of the secretory
apparatus was significantly smaller in the treated groups than
in the control groups at days LH+§ and +6.

Discussion
The administration of RU486 in the early luteal phase inducgs
a delay in endometrial glandular secretory differentiation in
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Table Il. Two-way analysis of vanance of volume comparisons in Tables i and TV

‘e

Feature Day of biopsy (df = 5.33) Coandien (df = 1.33) interacuon (df =3,32;
F P Fo. P . F ‘ )

Cell volume 143 NS o$3 NS T 106 NS
Nuclear volume . 0.37 NS - 3.56 NS 1.63 NS
Nucleolar volume 5.69 <0.0] 074 - 7 NS . 0.65 NS
Mitochondrial volume 9.99 <0.01 282 .. . NS 3.28 <0.05
RER volume 0.64 NS 1.43 NS . 042 _ NS
Glycogen volume 2.86 (<0.06) 039 ; NS ’ 3097 <0.05
Sec. volume 59 <0.01 12.86 -« v <001 6.44 <0.01

df = degrees of freedom (numerator. denominator); NS = not significant; RER = rough endoplasmic reticulum; Sec = secretory apparatus.

Table ITI. Comparison of cell nuclear and nucicolar volumes (um?) at
different times after the Juteinizing hormone (LH) peak (LH+0), in conuro!
and RU486-treated subjects. Values represent mean = SD

Day of biopsy  Feature Control RU486-treated
LH+S puclear volume 2652 = 18.9 2559 = 70.0
cell volume 1236.9 = 2004 1090.9 = 260.3
volume pucleolus 72=x26 76 =23
LH+6 auclear volume 260.8 = 19.1 262.0 = 73.2
cell volume 1114.5 = 1929 1095.7 = 3647
volume nucleolus 51x18 6.7 = 3.1
LH+8 auciear volume 2134 =548 3074 = 834
cell volume 8360 * 190.6 1088.7 > 368.8
volume nucleolus 46*03 59=20
LH+9/10 nuclear volume 209.8 * 325 266.6 = 54.3
cell volume 871.1 = 1514 1039.2 = 2449
volume nucieolus 40=10 3.1=13

Table IV. Comparison of organclie volumes (jum3) at different times after
the luteinizing bormone (LH) peak (LH+0) in control and RU486-treated
subjects. Values represent mean = SD

Day of biopsy Feature Control RU486-treated
LH+5 mitochondrial volume 96.9 = 25.3 57.7 =319
glycogen volume 142.1 = 1094 378 =338
RER volume 239715 373 = 356
sec volume 359 = 10.5 146 = 4.2
LH+6 mitochondrial volume 41.0 = 8.0 247 = 144
glycogea volurae 171 2 1.27 350=264
RER volume 364 = 120 339 =239
sec volume 41.7 = 264 641 =31
LH+8 mitochondrial volume 389 * 7.7 424 *123
glycogen volume 199 = 185 392 > 426
RER volume 233 =86 274 > 120
sec volume 74249 79 =32
LH+9/10 mitochondrial volume 404 = 6.7 50.5 = 18.5
glycogen volume 249 =249 47.1 £ 46.2
RER volume 184=178 31.7 =135
sec volume 9549 135249

RER = rough endoplasmic reticulum: sec = secretory apparatus.

the human (Li eral., 1988b; Batista eral., 1992; Gemzell-
Danielsson ef al., 1996) and the rhesus monkey (Ghosh et al.,
1996). Graham et al. (1991), using the same material as in the
present study, reported that when RU486 was administered on
day LH+2 it prevented the appearance of the secretory glycan
D9B1. However, administration on day LH+35 failed to prevent
its expression. The present study provides an insight into the
cellular machinery, including nuclear, nucleolar and secretory
apparatus components, responsible for the production of endo-
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metrial secretions and how they are affected by progesterone
blockade.

The secretory triad of cellular events that are characteristic
of the early luteal endometrium (Comillic ez al., 1985; Dockery
and Rogers, 1989) was disrupted in the treated groups. RU486
seemed to affect the formation of the nuclear channel system
and the mitochondrial elaboration which are characteristic of
the human endometrium at day LH+S5. If the drug was
administered when these structures were Present, it seemed to
cause their disappearance from the cells. The administration
of this compound appears to alter the dynamic sequence of
events that occurs in the glandular epithelial cells during the
carly luteal phase. However, whether this is a direct effect of
progesterone receptor blockade remains unknown,

In a recent study (Dockery eral, 1996) on the nuclear
channel system, we reported a delay in its development in
women with unexplained infertility. These women also had a
delayed expression of the secretory apparatus (Dockery et al.. '
1993) which correlated with a delayed/reduced expression of
the luteal-specific protein D9B1 (Graham er al., 1990). The
nuclear channel systems were seen in only one individual in
the present study given a low dose (25 mg) of RU486 on day
LH+2. This again seems to suggest that this progesterone-
dependent organelle is intimately involved in the elaboration
of the secretory apparatus. It is of interest to note that, in the
study by Graham et al. (1991), early administration of RU486
prevented the expression of the secretory glycan, while later
administration, when the machinery was in place, did not.
From these observations it was suggested that the production
of the secretory product is progesterone dependent and that
secretion of material is progesterone independent. During the
carly luteal phase, the apical cytoplasm of the cells becomes
packed with an elaborate secretory apparatus (Comillie et al..
1985; Dockery et al., 1988b). Administration of RU486 before
this machinery is in place prevents its formation, while
administration of RU486 when the machinery is present seems
to promote its breakdown. There appears to be a loss of the
characteristic cytoplasmic polarity after RU486 treatment.
which may suggest that progesterone or the affected organelles
are important in maintaining this polarity.

Mitochondrial elaboration is a. characteristic feature of the
carly luteal phase, perhaps to accommodate the high energy
demands of the production of the secretory product. Mitochon-
drial volume is reduced on day LH+5 after RU486 administra-
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tion, perhaps illustrating the progesterone-dependent naturc of
the expansion of this organelle. -

The intimate association between semi-rough endoplasmic
reticulum and mitochondrial profiles (Dockery eral., 1988b)
tends to be lost after administration of RU486. Another
antiprogestcrone compound, R2323, has been reported to have
deleterious effects on both nuclear channels and mitochondria
(Azadian-Boulanger ef al., 1971): the cytoplasmic events found
in the present study were much more marked than those
described for R2323.

The present study has reported that accumulation of lyso-
some-like structures is a notable feature of the apical cytoplasm
after administration of RU486. Marked cellular degeneration
is a notable feature of a subpopulation of the endometrial
glandular cells. This would correspond to the increase in
apoptosis described in the light microscopical observations of
Li er al. (1988b). This feature has also been noted by Ghosh
et al. (1996) in the rhesus monkey after luteal administration
of RU486.

Some of the electron-dense structures have an appearance
similar to the accumulation of lipid (Figure 6). Lipid accumula-
tion is present in the cytoplasm from day LH+3 in normal
endometrial glandular cells (Dockery and Rogers, 1989). The
increased occurrence of. these structures in the post-RU486
material perhaps implies that the cell no longer has the ability
to mobilize this material.

The administration of RU486 does not simply retard endo-
metrial development. It alters it in a quite distinctive manner.
Many of the changes described appear to be.regressive phen-

omena. This drug provides a unique opportunity to investigate

the influence of progesterone on endometrial morphology.

The effect of a single dose of RU486 on the endometrium
depends on when and how the drug is administered (Li er al.,
1988b.c; Johannisson et al., 1989; Gemzell-Danielsson et al.,
1996); this may account for the discrepancies in the reported
success of RU486 in early and late luteal phase contraception
(Gemzell-Danielsson er al., 1993; Van Look and von Hertzen
1995). Continuous daily administration of a low dose (1 mg)
of RU486 produced retarded endometrial development in the
luteal phase, similar to that seen in infertile women with luteal
phase defect (Batista et al., 1992). Longer term administration
of RU486 at a higher dose (50 mg) produced changes which
were similar to unopposed oestrogen therapy (Murphy et al.,
1995).

From this limited study it appears that endometrium treated
with RU486 early in the luteal phase has substantial ultrastruc-
tural alterations which may interfere with the process of
implantation. Whether the ‘implantation window' is simply
delayed is still a matter of controversy (Sarantis.et al., 1988).

We (Li et al., 1988c, 1990) reported earlier that administra-
tion of RU486 in the luteal phase may induce menstruation,
but that this may not be associated with the shedding of the
functional layer of the endometrium. This may provide an
explanation why in some cases of successful menstrual induc-
ton by RU486, pregnancy continued undisturbed (van Santen
and Haspels, 1987). The ability of RU486 to interrupt a very
early pregnancy is more likely to be related to its ability to

-
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RU4S6 efiects on endametrial struscare

cause si-2ddiag of i erlomeu:um than to ite ability to induce
GeNStrussor.

The present study has shown that RU48€ dismupts the
secreiory evenfs within the glandular epithelium. Perhaps the
most markec faaiure ot the glandular spithclial ceils fter the
administration of RU483 was the iuss of cytoplasmic polarity.
This may imply that nrogesieror:e piays some role in generating
and mainiaining wie highly polarizea phenotype seen during
the early luteal phas-. If the drug 1= admirnistered on day
LH+4 or la.er, safficient product may be precent within the
gland lumen w tacilitate some suppori to the trophoblast
(Graham ez al., 1991). If there is scme sort of a safetv net in
stromal and glaadula: developn:+nt, what role does the luminal
epithelium play in permitting implantetion?

By using electron microscopical morphometric methods, we
have provided a unique insight into the progesterone-dependent
nature of the structural reorganization of the glandular epithe-
lium in the secretory phase of the menstrual cycle.
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The Effects of Mifepristone on Cervical Ripening
and Labor Induction in Primigravidae

CATHERINE L. ELLIOTT, MB ChB, JANET E. BRENNAND, MB ChB, AND

ANDREW A. CALDER, MD

Objective: To compare the effects of 50 mg or 200 mg of oral
mifepristone with placebo on cervical ripening and induc-
tion of labor in primigravid women at term with unfavor-
able cervices.

Methods: This was a double-blind study in which 80
primigravidae at term with a modified Bishop score of 4 or
less were randomly assigned to one of three treatment
groups. They were assessed at 24-hour intervals for 72 hours,
after which labor was induced if it had not eccurred spon-
taneously.

Results: Two hundred milligrams of mifepristone resulted
in a favorable cervix (with a Bishop score greater than 6 orin
spontaneous labor) in significantly more women than pla-
cebo (P = .01). An improvement in cervical ripening was
seen in the group given 50 mg of mifepristone, but this was
not statistically significant. There were more cesarean deliv-
eries performed for fetal distress in the group treated with

200 mg of mifepristone than placebo, but this was not .

statistically significant and was not associated with any
differences between groups in terms of neonatal outcome.

Conclusion: Mifepristone, a progesterone antagonist, is
known to cause softening and dilation of the human early
pregnant cervix and an increase in uterine activity. It is
theoretically attractive for use as an adjunct in cervical
priming and labor induction. In this study, 200 mg of
mifepristone was significantly more likely to result in a
favorable cervix than placebo. (Obstet Gynecol 1998;92:
804-9. © 1998 by The American College of Obstetricians
and Gynecologists.)

Induction of labor involves promoting softening and
dilation (“ripening”) of the cervix and producing effec-
tive myometrial contractions. It has been shown that
induction is more likely to have a successful outcome if
the cervix can be ripened before the onset of contrac-
tions, whether spontaneous or augmented.’ Prostaglan-

.
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din E, (PGE,) is now widely used to prepare the
unfavorable cervix for parturition."”> However, prosta-
glandin preparations may cause uterine hyperstimula-
tion? or may fail to produce sufficient cervical ripening
for labor induction to proceed.

Mifepristone (RU 486, Hoechst-Roussel, Uxbridge,
UK) is a potent progesterone and glucocorticoid antag-
onist acting on the progesterone receptor4 Its main
clinical application has been as an abortifacient; how-
ever, it has been note_d that its administration causes
marked cervical softening in the first trimester, either in
conjunction with prostaglandins promoting medical
abortion® or when used alone before vacuum aspiration
of the uterus®’” Mifepristone shows synergism with
prostaglandins in causing termination of pregnancy in
the first or second trimester.>® It seems reasonable,
therefore, to propose mifepristone as an agent for
cervical ripening in the third trimester, particularly in
conjunction with prostaglandins. In primates, mifepris-
tone has been demonstrated to be efficacious, in combi-
nation with oxytocin, in achieving cervical dilation and
induction of labor.? In humans, Frydman et al'® have
shown that administration of 200 mg of mifepristone on
2 consecutive days to women at term significantly
increased the number entering labor and decreased the
prostaglandin requirements of the remainder, as com-
pared with placebo.

QOur study evaluated two doses of mifepristone
(50 mg and 200 mg) as compared with placebo for their
effect on cervical ripening and subsequent induction of
labor in primigravid women whose cervices were ini-
tially unfavorable for induction. We also evaluated the
maternal, fetal, and neonatal safety of mifepristone
when used for this purpose. Because mifepristone is
also a potent glucocorticoid antagonist* and because it
is known to cross the placenta,''? we also assessed
whether there was an increased risk of neonatal hypo-
glycemia after its antepartum use.

Obstetrics & Gynecology
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iMaterials and Methods

We conducted a placebo controlled double-blind trial in
which two single oral doses (50 mg and 200 mg) of
mifepristone were compared with placebo in a dose
escalation study to assess their efficacy and safety for
the induction of labor in primigravid women at term. In
the first part of the study, the efficacy of a dose of 50 mg
of mifepristone was compared with placebo. On the
basis of an interim efficacy analysis of this dose com-
pared with the placebo, we then determined whether a
higher or a lower dose of mifepristone should be used
in the second part of the study. Twenty-five women
were included in each treatment arm in the first part.
On the basis of the interim efficacy analysis, an in-
creased dose of 200 mg was used in the second part of
the study. In the second part of the study, 25 women
received the higher dose of mifepristone and another
five were randomly assigned to receive the placebo (the
placebo groups from both parts of the study were
pooled for the final analysis). The sample size was
calculated to detect a 40% difference in the number of
patients who went into spontaneous labor or who had a
Bishop score greater than or equal to 6 comparing
patients receiving mifepristone and patients receiving
placebo with a power of 90% at the 5% significance
level. Randomization was achieved by predetermined
randomization code. Patients were allocated a number,
and therefore treatment, in strict numeric order as they
entered the study. The study was approved by the
Lothian Research Ethics Reproductive Medicine Sub-
committee.

The inclusion criteria for the study stated that pa-
tients were primiparous women aged 18 to 40 years
with a normal, live, single, cephalic presentation. Ges-
tation length was between 37 and 41 weeks 4 days as
determined by a first-trimester ultrasound scan. Labor
induction was scheduled 72 hours after treatment.
Patients were offered the option of inclusion in the
study if they had a modified Bishop score'” of 4 or less.
After written informed consent was obtained, neither
the patient nor the physician had knowledge of whether
a single oral dose of mifepristone or placebo was given.
Patients were excluded if they showed signs or symp-
toms of the onset of labor, of placental insufficiency, or
if they had any contraindication to the use of mifepris-
tone. Before study medication was given, a modified

Bishop score was assigned by vaginal examination. In

most women, subsequent cervical assessments were
performed by the same investigator, each of whom was
blinded to the treatment allocations.

After entering the study, the women were examined
as outpatients after 24 and 48 hours. Fetal wellbeing
was assessed by the women keeping a ‘kick-chart’ for
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each 24-hour period and by a further cardiotocograph
at each review visit. At the 24- and 48-hour reviews
maternal blood pressure and pulse were recorded, the
vaginal examination was repeated, and a Bishop score
calculated.

If labor had not occurred within 72 hours after taking
the allocated treatment the woman was admitted for
induction. An initial dose of 1 mg of PGE, gel was
inserted into the posterior fornix of the vagina unless
the cervix was more than 3 cm dilated and fully effaced,
in which case artificial rupture of the membranes was
performed. The cervix was reassessed after 6 hours and
(unless labor was established) a further dose of 1 or
2 mg of PGE, was given intravaginally. The examina-
tion was repeated every 4 hours, and when appropriate,
artificial rupture of the membranes was performed.
Oxytocin was administered as clinically indicated. The
fetal heart rate was monitored continuously once labor
was established.

A cord blood sample was obtained at delivery for
blood gas analysis, biochemical and hematologic fac-
tors, and for assay of cortisol, ACTH, and mifepristone
levels.

Neonatal blood glucose was monitored 1, 3, and 12
hours after delivery by means of a heel prick sample.
Neonatal weight, pulse, and temperature were re-
corded after 24 and 48 hours, as were any adverse
clinical findings in the mother or infant. A further
sample of maternal blood was taken 24 hours after

delivery. Both mother and baby were reviewed 1 week~ -~ -

and 1 month after delivery; standard observations were
recorded, and any adverse events were noted.

Data were stored on computer database, and analysis
was performed using the Statistical Analysis Software
(SAS) package (SAS Institute, Cary, North Carolina).
Differences between the treatment groups were com-
pared using the ¢ test for continuous data and the x* test
for categoric data.

The primary efficacy measure was successful cervical
ripening (ie, modified Bishop score of 6 or greater or the
onset of spontaneous labor) within 72 hours of treat-
ment administration.

Results

The patient characteristics are given in Table 1. One
woman was 17 years old at inclusion into the study and
one was at a gestation of 41 weeks and 5 days when she
received treatment. Although these constituted viola-
tions of the protocol, both were included in the efficacy
analysis. Proportional odds models were fitted to the
data, with and without factors for maternal age, gesta-
tional age, weight gain, weight at booking, and pretreat-
ment Bishop score. None of these factors were found to

Elliott et al  Mifepristone and Cervical Ripening 805
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Table 1. Patient Characteristics

Mifepristone Mifepristone

Charactenstic Placebo SUmg 200 myg

20259 23843 23633
W=-6(36) W+5(53 HW+6(.1)

Age (¢ nwan = SD

Gestation (wk + d), mean
(SD d)

Boo!uny weight (kg),
mean = SD

Initial cervical score, median
(range)

Previous pregnancy
First trimester termunation 2 1 4
First miscarriage
Ectopic 0 1 0

02289 7182136 698 =133

3(1-4) 4(2-4) 3(1-4)

'S
w
—

SD = standard deviation.

be statistically significant at the 5% level and were
excluded from the final model.

In all three treatment groups the most common
reason for inclusion was prolonged pregnancy (longer
than 40 weeks). The next most common reason was
hypertensive disorders. '

The main outcome measures are summarized in
Table 2. Cervical ripening was deemed successful if
spontaneous labor had ensued or if the Bishop score
was greater than 6 before induction of labor 72 hours
after the treatment administration. Cervical ripening
was successful for 64%, 48%, and 30% of the patients
treated with 200 mg, 50 mg of mifepristone, and pla-
cebo, respectively. This difference was statistically sig-
nificant for the 200 mg group (P = .01, odds ratio (OR)
4.15, 95% confidence interval (CI) 1.34, 12.84). There
was no statistically significant difference between the
50-mg mifepristone group and the placebo group (P =
18, OR 2.36, 95% CI 0.66, 8.37). The number of patients
in spontaneous labor after 72 hours was 9 (36%), 8
(32%), and 7 (23.33%) in the 200-mg, 50-mg and placebo
groups, respectively.

The subsequent course of labor is summarized in
Table 3 and the modes of delivery in Figure 1. Similar

Table 2. Outcome at 72 Hours After Treatment

Mifepristone Mifepristone
Placebo 50 mg 200 mg
(n = 30) (n = 25) {n = 25)
Spontaneous labor 7(23.3) 8(32) 9 (36)
Induced with a BS 2(6.7) 4(16) 7(28)
=6 )
Successful cervical 9 (30) 12 (48) 16 (64)'
ripening*®

BS = Bishop score.

Data are given as number (%).

* Successtul cervical npening was defined as Bishop score greater
than 6 or being in spontaneous labor.

' P = .01 compared with placebo.

806 Elliott et al  Mifepristone and Cervical Ripening
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numbers of women in all three groups were given
PGE,, had an artificial rupture of membranes, and
received oxytocin. The median amount of oxvtocin
required was 1095 mU, 5198 mU, and 5780 mU for the
200-mg, 50-mg, and placebo groups, respectively. This
reduction in the requirement by the former group is not
statistically significant. Significantly fewer women who
received 50 mg of mifepristone had a cesarean delivery
than those who were given placebo (P = .033, * =
4.55); however, in the group given 200 mg of mifepris-
tone there was no statistically significant difference
from the placebo group in the overall number requiring
cesarean delivery (P = .075). In the 200-mg treatment
group, eight of nine cesareans were performed for fetal
distress and the other for failure to progress. In the
placebo-treated group, three of eight cesareans were for
distress and five for failure to progress.

A wide range of maternal minor adverse events were
reported in all treatment groups, most of which were
complications of pregnancy, such as hemorrhoids or
headache. There were no marked differenges across the
groups in the reporting of these. One patient in the
200-mg mifepristone treatment group had transiently
increased liver function tests.

There were no episodes of antepartum fetal distress
after recruitment to the study. In labor, fetal distress
was considered severe if it required medical interven-
tion (such as fetal blood sampling) or delivery. There
were 12 (48%), 6 (24%), and 4 (13.3%) cases of fetal
distress in the 200-mg mifepristone, 50-mg mifepris-
tone, and placebo groups, respectively.

Blood was taken from the umbilical vein at delivery.
Because of practical problems, this was not possible for
all infants in the study. The blood gas levels, ACTH,
and cortisol values from these samples are summarized
in Table 4. There were no statistically significant differ-
ences between the groups in any of the cord gas levels.
The analysis of ACTH and cortisol in the cord blood
showed a wide range of values; the values for ACTH, in
particular, show wide standard deviation. There was no
significant difference between the 200-mg mifepristone
group and the placebo group. The mean levels of
mifepristone in the cord blood were .048 mg/L (stan-
dard deviation [SD] = .038) and .054 mg/L (SD = .047)
after 50 mg and 200 mg of mifepristone, respectively.
Figure 2 illustrates the relationship between the length
of time to delivery after mifepristone administration
and the cord blood levels of mifepristone. The Apgar
scores of the infants were recorded at 1 minute and 5
minutes in all of the infants and at 10 minutes in eight
infants. There were no significant differences in these
scores across the treatment groups.

Hypoglycemia in the neonates was monitored after
delivery by means of a heel-prick sample at 1, 3, and 12
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Tab'e 3. Course cf St »segrent Labor

Mifepristone

Mifepnistone

Placebo 30 mg 200 my
(n = 30) fir = 25) {n = 25
Time to anset of labor, median 81 h 15 min 80 h 20 nun 75 h 50 min
Range (17 h 40 min to 104 h 30 min) (6 h 55 mun to 100 h) (9 h 45 mun to 101 1y 1S man)
Time to delivéiv, median 88 h 14 min 85h 15 nun 84 h 6 min
Range (27h21 minto 113 h 35 min) (1S h 12 min to 113 h 47 mun) (13 R min to 110 h 49 min)
PGE; given 23 (76.7%) 17 (68%) 16 (64'%)
Total median PGE, dose (mg) 3 3 3
Oxytocin administered 14 (46.7%) 8 (32%) 12 (48%) -

Total oxytocin dose (mU), median (range) 5780 (210~19.650)

5198 (2060 -20.800) 1095 (210-14,220)

PGE, = prostaglandin E,.

hours after delivery. Hypoglycemia was defined as a
reading of less than 2.2, which was the case in a total of
10, 11, and 10 infants of mothers who received 200 mg
of mifepristone, 50 mg of mifepristone, and placebo,
respectively. Only one infant in the study population
was admitted to the Special Care Unit as a result of
hypoglycemia; the mother of this infant had received
placebo. Figure 3 illustrates the mean glucose levels in
the neonates.

Neonatal jaundice was reported in seven (28%), two
(8%), and two (6.7%) of the infants of mothers who
received 200 mg of mifepristone, 50 mg of mifepristone,
and placebo, respectively. All of these cases resolved
spontaneously and were not considered clinically sig-
nificant.

Discussion

Mifepristone was deemed to have successfully pro-
moted cervical ripening in primigravid women at term

80 1
8l placebo
SOmg mifepristone
Q| 200mg mifepnstone
60

% (PERCENTAGE OF PATIENTS)

MODE OF DELIVERY

Figure 1. Mode of delivery after treatment with 200 mg, 50 mg of
mifepristone, or placebo.

VOL. 92, NO. 5, NOVEMBER 1998

-

MIF 007448

with an initially unfavorable cervix if after 72 hours the
woman was in spontaneous labor or the cervix had
become favorable (Bishop score greater than 6). By these
criteria, 200 mg of mifepristone had a significant effect
on cervical ripening, whereas the effect of 50 mg was
just below the level of statistical significance compared
with the placebo. An improvement in the Bishop score
confers an increased chance of successful labor induc-
tion'> which may be of particular benefit to this group
of women. These findings confirm those of Frydman et
al'® who gave 200 mg of mifepristone on 2 consecutive
days to women at term. As the effect of 50 mg of
mifepristone in our study just failed to reach signifi-
cance levels, it seems likely that a slightly increased
dose, such as 75 mg or 100 mg, may also significantly

Table 4. Umbilical Vein Blood Parameters

Mifepristone  Mifepristone
Placebo 50 mg 200 mg
(n = 30) {(n = 25) (n = 25)
po. (mmHg) n=6 n=6 n=12
Mean (SD) 323 (11.0) 30.3(6.0) 38.9 (36.5)
Range 22.5-53.3 24.0-398 9.0-137.3
pco, (mmHg) n=é n=6 n=12
Mean (SD) 39.5(96) 40.9 (40) 41.4(10.5)
Range 24.0-52.0 343-453 13.1-52.0
pH =16 n =21 n =14
Mean (SD) 7.3(0.1) 7.3(0.1) 7.3(01)
Range 6.9-7.4 69-7.4 7.1-74
Base excess n=5s n=6 n=12
(mmol/L} -~
Mean (SD) ~4.7(5.8) -532.1) -7.7{5.5)
Range -146 = -0.7 ~79--23 -22.2--17
ACTH (mU/L) n=25 n=21 n=19
Mean (SD) 51.5(91.5) 41.8 (43.9) 20.7 (22.6)
Range 3-433 3-208 3-84
Cortisol (mmol/L) n=24 n=21 ne=19
Mean (SD) 4845(223.2) 498.6 (155.9) 522.1(190.2)
Range 234-1037 295-894 211-885

po, = partial pressure of oxygen; SD = standard deviation: pco, =
partial pressure of carbon dioxide; ACTH = adrenocorticotropic

hormone.
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Figure 2. Mifepristone levels (ng/mL) in cord blood obtained at the
time’of delivery compared with the time to delivery after administra-
tion of 50 mg or 200 mg of mifepristone.

ripen the cervix and that doses greater than 200 mg
could have a more pronounced effect.

As pregnancy progresses mifepristone becomes less
efficacious at inducing abortion but its action in promot-
ing cervical ripening is maintained.* This effect has been
noted previously in Rhesus monkeys, in whom mife-
pristone alone induced cervical ripening but did not
produce sufficient myometrial activity to affect deliv-
ery." In combination with oxytacin, however, mifepris-
tone was effective at inducing delivery in these mon-
keys.® As shown by this study, the most pronounced
effect of mifepristone in the third trimester was in
causing cervical ripening and increased sensitivity to
oxytocin rather than labor induction. Women in this
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Figure 3. Mean neonatal blood glucose levels 1, 3, and 12 hours after

delivery following antenatal administration of 50 mg or 200 mg of -

mifepristone.
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study were initially given only 1 mg of PGE, after
treatment administration because of concerns that in-
creased uterine responsiveness and synergism between
the two agents could lead to a risk of hyperstimulation.
However, there were no episodes of hyperstimulation
reported in any group.

The cervical changes after mifepristone administra-
tion have clinical implications. In addition, this finding
may help to elucidate the processes whereby cervical
ripening and the onset of labor occur spontaneously.
The effect of antiprogesterones in causing cervical soft-
ening indirectly supports the role of progesterone in the
maintenance of pregnancy. .

In addition to efficacy, the other main outcome mea-
sures of the study were fetal and neonatal safety.
Mifepristone has already been used. extensively in
women at higher doses than used here without major
concerns regarding its safety. Our data showed no
serious maternal side effects. Previous studies of pla-
cental transfer in the late second and third trimester of
pregnancy in monkeys'' showed that,a steady-state
equilibrium was relatively quickly established with a
gradient between mother and fetus possibly limiting
flux. It was also noted that the efficiency with which
mifepristone crossed the placenta was significantly de-
creased in the third trimester compared with the second
trimester of pregnancy. In the present study there was
no evidence of altered glucocorticoid or mineralocorti-
coid action in the cord blood values obtained. As would
be expected, the levels of mifepristone in the cord blood
samples were higher in the group treated with 200 mg
of mifepristone than in the group given 50 mg. The level
of mifepristone in cord serum is inversely correlated
with the length of time after administration that deliv-
ery occurs.

Fetal and neonatal wellbeing were assessed at each
stage of the study. There was no antepartum evidence
of fetal distress after administration of mifepristone, as
assessed by cardiotocograph and by maternal record of
fetal movement. Intrapartum distress was assessed clin-
ically and was more often diagnosed in the women who
received 200 mg of mifepristone than in women in the
other two groups. In the 200-mg group, there were
more cesarean deliveries for fetal distress and fewer for
failure to progress, although there was no overall
increase in the number of cesareans performed. In the
group of women who received 50 mg of mifepristone
there were fewer cesarean deliveries. No difference was
found in cord pH values or Apgar scores between the
three groups. Although this finding relates to small
numbers of women, the possibility of increased fetal
distress after treatment with 200 mg of mifepristone

-should be carefully evaluated in a larger trial before its

use is recommended. In each group that received mife-
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pristone, there was a decreased incidence of women
requiring cesarean delivery as a result of Ail-e to
progress in labor as compared with placebo. Ir contrast
to monkeys, kabor induction after mifepristone admin-
istration in humans may result in a more emcient
process, thus decreasing dystocia.

A dose of 200 mg of mifepristone had a significant
effect on cervical ripening in this group of women, but
it was associated with an increase in clinically suspected
fetal distress, an effect not found with 50 mg of mife-
pristone. An intermediate dose may provide benefits in
terms of cervical ripening without affecting fetal well-

" being. A larger trial is needed to ascertain more fully
these effects.
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Side Effects of Mifepristone Misoprostol
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Abortion Versus Surgical Abortion
Data From a Trial in China, Cuba, and Indic )
Batya Elul,” Charlotte Ellertson,t Beverly Winikoff,* and Kurus Coyajit

Although serious adverse events of early abortion have
been studied, little attention has been paid to the more
common side effects experienced by early medical or
surgical abortion clients. Using data from a multicenter
comparative trial of women <56 days’ gestation in China,
Cuba, and India (n = 1373), side effects experienced by
mifepristone-misoprostol medical abortion and surgical
abortion clients were analyzed at the different stages of
their abortions. Data on side effects came from women's
reports at each clinic visit, providers’ observations during
the clinic visits, and symptom diaries maintained during
the study period Medical abortion clients at all sites
experienced more side effects than their surgical counter-
parts. The disparity between the two groups was particu-
larly pronounced for bleeding and pain. Despite more
reports of side effects among medical abortion clients,
however, assessments of well-being and reports of satisfac-
tion at the exit interview were similar-in both treatment
groups. CONTRACEPTION 1999;59:107-114 © 1999 Elsevier
Science Inc. All rights reserved.

KEY WORDS: side effects, early abortion, mifepristone-miso-
prostol, surgical abortion, medical abortion

Introduction
ver the past decade, several safe and effective
medical abortion regimens have been devel-
oped.'™ The most widely used regimen con-
sists of 600 mg mifepristone followed two days later
by 400 pg oral misoprostol. This regimen has been
available in France for >6 years,' received “approv-
able status” from the United States Food and Drug
Administration in 1996* and has been tested in sev-
eral developing countries as well.>¢ Despite varied
experiences with the method across different cul-
*Population Council, New York. New York; tPopulation Oduncol. México DF,
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tures, women consistently report the method’s side
effects, inciuding bleeding and pain, among its worst
features.®-8 .

Much of the existing literature on side effects of
medical abortion is limited to serious adverse events
or to a cursory mention of the more common side
effects. Indeed, aside from four articles investigating
blood loss experienced with various mifepristone reg-
imens,®~!2 no thorough analysis of tHe method’s side
effects, including when they occur during the abor-
tion process, how they affect patient acceptability,
and how they compare with those experienced in
connection with surgical abortion, has been under-
taken. Yet, these factors typically govern women's
experiences as much as the rare serious adverse event.
In some cases, in fact, side effects of medical abortion
are considered so unpleasant or severe as to negate the
advantages the method offers over surgical alterna-
tives. Indeed, women who initially select medical
abortion in preference to surgical abortion may even
request a surgical intervention to halt these side
effects.!3

Using data from a comparative trial of medical and
surgical abortion, women’s experiences with side
effects were investigated in three developing coun-
tries. A fuller exposition of this topic is in order for
several reasons, particularly if based on an interna-
tional, multicenter, acceptability and feasibility com-
parative trial. First, as access to medical abortion is
increased, side effects must be well understood so
that proper training and counseling materials can be
developed. Realistic expectations are essential for the
method to be used by suitable providers and elients,
and to minimize anxiety and unnecessary surgical

interventions once treatment begins. Second, as reg-

ulatory decisions and clinical protocols for medical
abortion are typically based in part on the side effect
profile of the method, accurate documentation of the
severity and incidence of side effects is critical, as is a
context for understanding this profile. Third, report-
ing of side effects and reactions to them vary across
cultures. Assessing women’s éxperiences with side
effects and their acceptability in three countries si-
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multaneously can highlight commonalties and differ-
ences. A nuisance side effect in one population may
be entirely unacceptable in another. Finally, the med-
ical literature on side effects experienced with surgi-
cal abortion is scanty, particularly with respect to the
experiences of women in developing countries and in
comparison with new medical abortion regimens.
Indeed, protocols for managing side effects, such as
.pain, may differ greatly in developed and developing
countries, contributing to a very different user expe-
rience with the two methods. A comparative analysis
using data from three developing countries will help
build this literature.

Materials and Methods

Data were analyzed from a large international com-
parative study of mifepristone-misoprostol medical
abortion and surgical abortion held in China, Cuba,
and India. Six urban clinics participated in the study,
which ran from October 1991 to August 1993. All
clinics already offered legal first-trimester surgical
abortion services and followed a uniform study pro-
tocol approved by the Population Council’s Institu-
tional Review Board. Women with pregnancy dura-
tions of =56 days (based on the onset of the last
menstrual period, bimanual examination, and, typi-
cally, ultrasound) could enroll if they were. eligible*
for either surgical or medical abortion. Eligible
women received detailed explanations of the two
methods and then selected one.t Women who could
not decide were randomized to a method. All women
gave informed consent.

Medical abortion clients received 600 mg mifepris-
tone orally on their first visit and were observed for 30
min afterwards. At the second visit, 48 h later,
women received 400 pg oral misoprostol and re-
mained in the clinic under observation for 4 h. Rh-
negative clients also received Rh (D) immune globu-
lin at this visit. After 14 days, women returned for the
final follow-up visit and exit interview. Women who
did not have complete abortions by the time of the
final visit received surgical interventions. All women
who required or requested (for whatever reason) sur-
gical interventions at any point before the end of the
study also received them:.

Surgical abortion clients received their abortions on
the first visit according to standard clinical practices

* Elgibility requirements were as follows: <56 days since last mensirual period
(LMP). hemogiobin levels 210 g/dL. <35 years of age. smoke <10 cigareties/
day: could return for follow-up visits; did not want concurrent sterilization or [1¥/8)
nsertion; and not suffering from asthma or spasmodic bronchitis, cardiac
disease. renal, hepatic or adrenat insufficiency, clotting disorders, or diabetes.
t Unfortunately, this part of the protocot was not implemented perfectly, and
some sites enrolled women who were not eligible for both methods because
they wanted concurrent IUD insertion, an option available only with surgicat
abortion

”
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in each site. In Cubz, virtvally all women recejved
general anesuhesia for dilation and sharp curcteage. In
India, women received light general anesthesia for
vacuum aspiration. In China, in mosi cases, curettage
was performed with no anesthesia at all, although a
few women reccived local anesthesia. Clients re-
turned aiter i4 days fur follow-up exawninations and
exit interviews. .

Using standardized questionnaires, provideis gath-
ered clinical and qualitative data at each clinic visit.
Women were asked {both prompted and unprompted)
about side effects at each visit, and providers also
noted symptoms that women experienced during
those visits. Women also completed symptom diaries
in which they marked any symptoms (selected from a
range) they experienced on each study day. Addition-
ally, at their exit interviews, women answered a
number of questions about method satisfaction and
compared some of their side effects (ie, pain and
bleeding) with prior expectations. Data were entered
and analyzed at the Population Council using SPSS
software. Statistical significance was set at p =0.05.
Levene’s tests were employed to determine whether
pooled or separate estimates of variance were appro-
priate in the t tests. Count data were analyzed using
Fisher's exact tests or Pearson’s x? tests. All tests
were two-tailed. ’ 7

The main efficacy, safety, and acceptability results
are reported elsewhere,>® as is a separate analysis of
bleeding, a particularly important and potentially
dangerous side effect of mifepristone-misoprostol
treatment.!2? This article, however, describes in detail
the full range of side effects experienced by women
during the various time intervals of their abortion
procedure or process and compares them across meth-
ods and countries. Unlike other reports of side effects
related to abortion, which typically present an overall
incidence from the treatment period, ‘we separated
those side effects that occurred for medical abortion
clients between the first visit (when mifepristone was
ingested) and the second visit, 2 days later (when
women returned for misoprostol), from those side
effects occurring between the second visit and the
third visit, 14 days later (when women returned for
their follow-up visit). In the case of surgical abortion,
we separated side effects that occurred on the day of
the procedure from those experienced in the subse-
quent 14 days.

Results

Sample Characteristics and Failure Rates

Table 1 provides characteristics of the 1373 partici-
pants, as well as failure rates, by site, and method.
“Failure” is defined as referring to any medical client
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Table 1. Characteristics of trial participants, by method
and country

Medical Surgical
China (n) 299 268
Mean age (years) 27.6 27.9
Mean weight (kg) 53.2 53.6
Mean height (cm)* 162.3 161.5
Mean education (years)* 12.8 12.4
Mean gestation (weeks)* 5.5 6.2
Primigravida (%) 19.4 20.9
Married/in union (%) 91.0 91.0
. Previously contracepting (%) 45.5 51.1
Previously aborted (%)" 70.6 56.7
Failure rate (%) : 8.6 04
Assigned to method (n}t 3 52
Cuba (n) 250 249
Mean age (years) 23.3 23.6
Mean weight (kg| 54.2 54.8
Mean height (cm)® 162.8 162.0
Mean education [years)* 13.6 12.6
Mean gestation {weeks}* 6.5 7.1
Primigravida (%) 352 32.5
Married/in union {%) 41 .4 494
Previously contracepting | %) 50.4 51.8
Previously aborted (%) 57.2 56.6
Failure rate (%) 16.0 4.0
Assigned to method {n)t 2 126
India (n) 250 57
Mean age (years) 255 25.1
Mean weight (kg| 47.1 455
Mean height {cm) : 153.7 152.3
Primigravida {%)* 8.8 0.0
Married/in union (%) 99.2 100.0
Previously contracepting { %! 32.0 19.3
Previously aborted (%] 20.0 21.1
Mean education (years)® * 10.4 9.1
Mean gestation (weeks)” 6.6 6.8
Failure rate (%) 5.2 0.0
Assigned to method (n )t 0 1

*Difference between medical and surgical groups is significant at p <0.05
as determined by x* tests.

tWomen undecided between medical and surgical abortion were randomly
assigned to a method. Additionally, because of the high demand for medical
abortion among eligible participants and the consequent imbalance between
samples in the two study arms, Chinese investigators enrolled women
requesting [UD (and consequently ineligible for medical abortion) into the
surgical group. Similarly, Cuban investigators withheld the medical option
on certain days and consequently “assigned” women to the surgical arm.

who received a surgical intervention {whether on
request, deemed medically necessary during the
study, or for an ongoing pregnancy or incomplete
abortion at the study end), and any surgical client
who received a second surgical intervention. In all
sites, surgical abortion was more effective than med-
ical abortion. Sites that had high medical failure rates
also tended to have high surgical failure rates.5

Side Effects
BaseLINE sympTOMS. Typically, some of the side ef-
fects commonly attributed to medical or surgical

"~
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Table 2. Baseline symptoms repc:ted a. eve: ozcurring
before treatment, and side effects experienced iy, 30-min
periods after mifepristone administration imedical clients)
or in recovery period after surgical proceduse {surgical
clients), by method and country (%)

Medical

Surgical
Baseline symptoms -

China (n) 299 268
Nausea* 39.5 56.0
Vomiting"* 1.7 14.6
Other . 15.7 16.4

Cuba (n} 250 249
Nausea * 18.0 14.1
Vomiting 6.4 8.4
Other* 4.0 0.8

India {n) 250 57
Nausea* 344 17.5
Vomiting 22.4 15.8
Other 17.2 » 12.3

After mifepristone or after surgical procedure

China (n) ' 299 268
Vomiting~ 16.7 83.3
Hemorrhage : 0.0 0.7
Pain* 0.0 65.3
Other 6.0 9.7

Cuba (n) - 250 249
Vomiting 0.4 2.8
Hemorrhage 0.4 0.0
Pain* 0.0 3.6
Other 0.0 0.0

India (n) : 250 57
Vomiting” 1.2 0.0
Hemorrhage 0.0 0.0
Pain 0.0 0.0
Other 0.8 1.8

*Difference between medical and surgical groups is significant at p <0.05
as determined by x? tests.

abortion regimens are symptoms of the underlying
condition (ie, pregnancy) being treated. For this rea-
son, Table 2 presents the baseline symptoms women
experienced before they began their treatment. These
varied across countries and methods. In China, signif-
icantly more surgical than medical clients reported
both nausea (medical 39.5% vs surgical 56:0%) and
vomiting {1.7% vs 14.6%) before the admission visit.
In Cuba, baseline rates of nausea (18.0% vs 14.1%)
and vomiting (6.4% vs 8.4%) did not differ signifi-
cantly by treatment group. In India, reports of vomit-
ing before study admission were the most frequent for
both methods (22.4% vs 15.8%), and baseline nausea
differed significantly by method (34.0% vs 17.5%].

SYMPTOMS IMMEDIATELY AFTER THE INGESTION OF MIFE-
PRISTONE (MEDICAL CLIENTS ONLY) OR AFTER THE SURGICAL
ABORTION (SURGICAL CLIENTs ONLY). Providers noted the
side effects that women experienced in the 30 min
after they took mifepristone or in the ingiate
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Table 4. Side effects experienced between last treatment
visit and exit interview, by method and country (%]

Medical Surgical
China (n} 299 268
Nausea 6.0 3.7
Vomiting 1.3 0.4
Cramping/pain 20.1 19.4
Diarrhea 03 1.5
Profuse bleeding* 8.7 1.9
Prolonged bleeding® 41.1 9.0
Other 18.1 20.5
Cuba (n) ' 249 246
Nausea* 16.5 8.9
Vomiting" 7.6 33
Cramping/pain* 63.1 53.3
Diarrhea* 2.0 0.0
Profuse bleeding” 31.7 57
Prolonged bleeding* 71.1 21.1
Other* 19.7 524
India (n} 249 57
Nausea 10.4 3.5
Vomiting 6.8 53
Cramping/pain 28.9 24.6
Diarrhea 0.8 0.0
Profuse bleeding 10.8 35
Prolonged bleeding*® 23.3 7.0
Other 25.3 246

*Difference between medical and surgical groups is significant at p =0.05
as determined by x* tests.

tol administration and before the exit interview was
the longest period of time in which they managed side
effects without assistance. .

At the exit visit, cramping, profuse bleeding, and
prolonged bleeding were the side effects most fre-
quently reported since the last clinic visit for women in
both treatment groups at all sites (Table 4). Profuse and
prolonged bleeding, however, were reported by signifi-
cantly higher proportions of medical than of surgical
abortion clients in all countries, except in India where
rates for the tormer did not differ significantly by
method. Whereas cramping was reported by more med-
ical clients (China 20.1%, Cuba 63.1%, India 28.9%)
than surgical clients {China 19.4%, Cuba 53.3%, India
24.6%), this difference was significant only in Cuba.
Indeed, in Cuba, every precoded side effect (ie, nausea,
vomiting, cramping/pain, diarrhea, profuse bleeding,
prolonged bleeding) was significantly more common
among the medical clients than among the surgical
clients. Surgical clients in Cuba, however, reported
significantly more “other” side effects. Despite con-
cerns about gastrointestinal side effects, very few
women, regardless of their treatment modality, re-
ported vomiting (<8.0%) and even fewer reported
diarrhea (<2.0%). The likelihood of surgical clients in
any country reporting side effects, including cramp-
ing and vomiting, since their last clinic visit was

P
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Table §. Side effects reported by wome.: on dzily charte a-
ever occurring during study period, by methd and cour.

(Y94
(%) .
Medical Surgi. al
China (n) - 299 268
Gastrointestinal
Nausea* . 551 10.0
Vomiting*® 23.3 1.5
Bleeding
Spotting/light {<menses]) 92.9 955
Normal (=menses)* 97.0 61.1
Heavy (>menses)* . 52.2 42
Other
Pain/cramps"* 60.3 36.0
Fever 7.0 3.8
Physical restrictions* 26.5 12.6
Cuba (n) 250 182
Gastrointestinal
Nausea* 7Q.4 19.2
Vomiting~ 44.8 104
Bleeding 4
Spotting/light (<menses| 84.0 79.1
Normal (=menses)* 90.0 65.4
Heavy (>menses)* 77.6 16.5
Other
Pain/cramps* 89.2 65.4
Fever 9.2 7.1
Physical restrictions*® 37.6 33.0
India (n) . 247 57
Gastrointestinal . oo
Nausea* 56.5 7.0
Vomiting 39.3 12.3
Bleeding
Spotting/light (<menses) 81.4 61.4
Normal {=menses)* 88.3 75.4
Heavy {>menses}" 95.1 47.4
Other
Pain/cramps-” 61.9 36.8
Fever 93 7.0
Physical restrictions® 11.4 3.5

*Difference between medical and surgical groups is significant at p <0.05
as determined by x? tests. -

unrelated to the type of anesthesia used during the
procedure. :

SYMPTOM DIARIES. An examination of symptom dia-
ries {noting side effects experienced at any point
during the study period) also provides insight into
women’s own perceptions of side effects. In all three
countries, medical clients recorded significantly more
side effects than did surgical clients on their diaries
{Table 5). Indeed, gastrointestinal side effects, heavy
bleeding, and pain or cramps were reported nearly
twice as often (if not three, four, or even 10 times as
often) in the diaries of medical clients than in those of
their surgical counterparts. Fever, however, occurred
infrequently (<10%) among all clients, regardless of
the abortion method.

Although many women also noted abortion-r'elated

4
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physical restrictions,# occurrence of this symptom
varied widely by site. In Cuba, fully one-third of
medical (37.6%} and surgical clients (33.0%) reported
physical restrictions at some point during their par-
ticipation in the study, whereas, in India, only 11.4%
of medical clients and 3.5% of surgical clients re-
ported them. At all sites, however, more medical
clients (China 26.5%, Cuba, 37.6%, India 11.4%) than
surgical clients (China 12.6%, Cuba 33.0%, India
3.5%) reported physical restriction. Most medical
abortion clients reporting physical restriction noted
that it began 2 days after they received mifepristone
{mean onset: China: day 2.7; Cuba: day 2.7, India: day
3.3), corresponding often to the day of misoprostol
administration. For most surgical abortion clients,
the exact onset of restriction varied across sites {mean
onset: China: day 3.2; Cuba; day 1.1; India: day 7.5).
Interestingly, despite fewer reports of physical restric-
tion on their diaries, surgical abortion clients were
generally restricted physically for a longer period of
time by their abortion treatment than were medical
abortion clients. For instance, in China, medical
clients reported a mean of 4.1 days of physical restric-
tion compared to 5.9 days for surgical clients. Simi-
larly, in Cuba, medical abortion clients reported an
average of 2.8 days of physical restriction, whereas
surgical abortion clients noted being restricted for 3.5
days on average.

BLEEDING AND pAIN. Bleeding and pain are two of the
most frequently reported side effects with both surgi-
cal and medical abortion. Indeed, in the case of
medical abortion these side effects may drive a wom-
an’s decision to request a back-up intervention or a
provider’s decision to intervene.

On the whole, medical abortion clients reported
significantly more blood loss than did surgical abor-
tion clients, possibly because medical clients observe
their blood loss, while surgical clients do not. Mean
initial hemoglobin was identical for medical and
surgical clients in China, and there was no significant
difference in the mean changes in hemoglobin in the
two groups (both rose slightly over the treatment
period) or in the percentage of women who experi-
enced a drop of >2 g/dL of hemoglobin {medical 6.0%
vs surgical 5.2%). In both Cuba and India, the mean
initial hemoglobin was slightly, but ‘significantly,
higher in the medical abortion group than in the
surgical group. In both of these countries, mean
changes in hemoglobin were also significantly greater
in the medical group than in the surgical group (Cuba

1 Physical fg;lr:cgm was detined as the inability to undertake one's daily
routine actmities, including (in this case) cooking and caring for children. This
definition was adopted from the National Health interview Survey.
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Table 6. Pain relative to expectations, reported in exit
interviews, by method and country (%}

Medical Surgical
China (n) 298 268
More* 144 26.5
Less* 71.1 489
As expected*® 14.4 24.6
Cuba (n) 249 246
More* 245 16.7
Less* 48.6 60.6
As expected 26.9 22.8
India (n) 249 57
More ‘118 12.3
Less 65.9 59.6
As expected 224 28.1

*Difference between medical and surgical groups is significant at p =0.05
as determined by x? tests.

—0.57 g/dL vs —0.03 g/dL; India —0.29 g/dL vs —0.12
g/dL). In no site was the difference clinically mean-
ingful: the percentage of women whose hemoglobin
dropped >2 g/dL, a clinically meaningful indicator,
was small and differed significantly between the two
groups only in Cuba (medical 6.8% vs surgical
0.8%).!2

Most medical and surgical abortion clients reported
less pain than expected (Table 6). Medical clients,
however, more often characterized their pain as “less
than expected” compared with their surgical counter-
parts in both China (medical 71.1% vs surgical
48.9%) and India (65.9% vs 59.6%]. Nevertheless,
“more pain than expected” was also noted by a fair
number of women at all sites. About one quarter of
Chinese surgical clients (26.5%) and Cuban medical
clients (24.5%) did experience more pain than
anticipated.

Concordance between actual experience and prior
expectations of pain was closely connected to overall
method satisfaction. Both surgical and medical cli-
ents experiencing more pain than expected were more
likely to be less satisfied (medical p <0.001, surgical

P <0.001) with their abortions. Conversely, those

experiencing less pain than expected were more
likely to be more satisfied (medical p <0.01, surgical
p <0.001). When stratified by both method and by
country, these associations were nearly always highly
significant in all countries. Chinese medical and
Indian surgical clients were the only exceptions to
either pattern.

CLIENT WELL-BEING AND SATISFACTION. Despite the
greater incidence of side effects noted by women and
providers for the medical abortion clients, general
assessments of well-being reported at exit interviews
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Table 7. Client well-being and satisfaction at exit inter-
view, by method and country (%)

Medical Surgical
Client well-being
China (n) 299 268
Very well/excellent 41.8 34.0
Fair/comfortable/OK 522 59.3
. Weak/not well 2.7 4.9
Worried but not sick 0.7 1.5
Other 2.7 04
Cuba (n) 249 256
Very well/excellent 73.1 69.9
Fair/comfortabe/OK 233 27.6
Weak/not well 1.6 1.6
Worried but not sick 1.2 0.0
Other 0.8 0.8
India‘(n} 249 57
Very well/excellent 59.8 63.2
Fair/comfortable/OK 32.9 28.1
Weak/not well 6.4 7.0
Worried but not sick 0.8 0.0
Other 0.0 1.8
Client satisfaction
China (n) 299 268
Highly satisfied 42.8 23.1
Satisfied 51.5 72.8
Not satisfied 5.7 4.1
Cuba (n) 249 246
Highly satisfied 59.0 394
Satisfied 24.5 54.1
Not satisfied 16.5 6.5
India {n) 248 57
Highly satisfied 68.5 544
Satisfied 26.7 45.6
Not satisfied 4.8 0.0

Note: There were no significant diiferences between the medical and
surgical groups.

were similar between women in the two treatment
groups at each site (Table 7). Regardless of the method
of abortion, the vast majority of women in Cuba
(medical 73.1% vs surgical 69.9%) and in India
(59.8% vs 69.9%) reported feeling “very well or ex-
cellent” at their exit interviews. In China, whereas
slightly fewer women (41.8% vs 34.0%) than in the
other two countries were as positive, most {52.2% vs
59.3%) noted that they felt “fair, comfortable, or
okay.” Very few women in all three countries re-
ported that they were “worried, but not sick.” More
surgical abortion clients in China (2.7% vs 4.9%) and
India (6.4% vs 7.0%), however, said they were “weak,
not well.” Similarly, nearly all women were “highly
satisfied” or “satisfied” with their abortions, regard-
less of the method (Table 7). Medical abortion clients,
however, were more often “highly satisfied” than
their surgical counterparts (China 42.8% vs 23.1%,
Cuba 59.0% vs 39.4%, India 68.5% vs 54.4%).

-
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Discussion

To compare medical and surgical abortions, the in-
tended effects (or “symptoms”) of mifepristone and
misoprostol need to be separated from the true “side
effects” of the treatment. Just as topical anesthesia
creates an intended effect of numbness to alleviate
pain, the mifepristone-misoprostol regimen causes
bleeding and abdominal cramping to provoke early
abortion. Considering these features as “symptoms”
rather than “side effects” (as is traditionally done) can
guide the development of counseling and training
materials.

Medical abortion clients in each site were more
likely than surgical clients to report profuse and
prolonged bleeding. Medical abortion clients observe
more bleeding than do surgical clients, although the
differences in blood loss are seldom clinically signif-
icant. Anticipating the bleeding that is normal for the
method and distinguishing it from excessive bleeding
that requires medical intervention will be an impor-
tant aspect of providing medical abortion success-
fully. Well-developed counseling materials can help
women anticipate the amount of bleeding that is
normally expected and judge correctly when the
bleeding is enough to warrant a clinic visit. Provider
training will also help caution’ against over-diagnos-
ing excessive bleeding to avoid unnecessary surgical
procedures.

Medical abortion clients also reported substantial
pain during their abortions. Pain that is correctly
anticipated, however, can be largely managed with
analgesics. Indeed, several medical abortion proto-
cols'® have adopted such a practice.§ As acceptability
of the methods was influenced by expectations about
pain, however, women will also need counseling
materials to help them form realistic_expectations
about pain. Women should know what to expect so
they can judge whether a method is right for them.

Despite the predominance of side effects among
medical abortion clients, reports of well-béing at the
end of the study did not differ by method, and both
methods proved highly acceptable at all sites. Reports
of side effects among providers of medical abortion
may decrease, however, as they become more experi-
enced with the method and are better able to inform
women about what to expect. Indeed, providers in the
United States noted that their assessments of bleed-
ing after medical abortion decreased as they gained
confidence in the method.!® Additionally, as common
lore about the method increases among users and
helps to draw a patient population well suited for the

§ Routine distribution of Tylenol® with codeine is being used in an ongoing
medical abortion study in Tunisia. 1 9 2
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regimen, reports by women of side effects are likely to
Jecrea_e, as well.

Counuy differences also appear to influence wom-
en’s 1eporcs and characterization of their side effects.
Bnth Cuban medical and surgical clients, for instance,
were particularly sensitive to pain, reporting far more
crarping, pain, or physical restriction at all stages of
their abortions than were their Chinese and Indian
counterparts. Cuban women also stated more often
that their pain exceeded their expectations. Similarly,
regardless of the method of abortion, Chinese partic-
ipants had more gastrointestinal side effects before
and early on in their abortion process or procedure.
Providers, too, seemed to differ in their assessments
of side effects. For example, Indian providers noted
more bleeding during the 4-h postmisoprostol obser-
vation period and characterized more women as
bleeding heavily when they departed from the clinic
after this period. These patterns suggest cultural
variations in both definitions and perceptions of side
effects, and warn against simple comparisons of side
effects by various study regimens when the trials
have been conducted in different cultures.

Finally, the present study results show that mife-
pristone itself appears to have very few side effects. If

so, and if medical considerations-are paramount, -

must its administration be strictly supervised, as has
been the case in Europe? Misoprostol clearly produces
more significant physical events; yet, a recent study
allowing women to self-administer their prostaglan-
din at home demonstrates that medical supervision is
not necessary even after misoprostol administration
if counseling, expectations, and instructions on when
to seek help are appropriate.!®
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Determination of RU486 (Mifepristone)
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in Blood by Radioreceptorassay;

A Pharmacokinetic Study
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Imre Foldesi,”

A human progesterone receptorassay has been developed
for the measurement of the biologically active molecular
fraction of RU486 (RU486 binding equivalent) for studying
its pharmacokinetic properties. Thirty-nine healthy preg-
nant volunteers with amenorrhoea of 49 days or less re-
ceiving a single oral dose of 200 mg, 400 mg or 600 mg
RUA486 orally in a single dose were involved in this study.
Blood samples were collected within 48 hours for the
analysis. It was found that the pharmacokinetics of the
RUA486 binding equivalent followed an open two-
compartment model. The dose was rapidly absorbed and
peak serum concentrations were measured within 1-2
hours after ingestion of the drug. The distribution was also
rapid, but the elimination was slow, the elimination half-
life ranging between 83 and 90 hours. Significant differ-
ences were found between the peak plasma values for the
200 mg and 600 mg doses (p < 0.05) and between the AUCs
for the 200 mg and 600 mg doses (p < 0.01) and the 400 mg
and 600 mg doses (p < 0.05). It can be concluded that this
newly developed radioreceptorassay satisfies the require-
ments of radioligand binding techniques.and can be used
to determine the serum levels of RU486 and its metabo-
lites, which are able to bind to human myometrial proges-
terone receptors. The pharmacokinetics for the RU486
binding equivalent is similar to that for RU486, with the
exception of very slow elimination, which may originate
‘from the measurement of the biologically active metabo-
lites together with the parent compound. CONTRACEPTION
1996,54:27-32
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Introduction
U486 (mlfepnstone) is a synthetic 19-nor-
Rsteroxd that exhibits a great affinity for the pro-
gesterone and glucocorticoid receptors.!? The

dimethylaminophenyl side-chain on carbon 11 is im-
portant for the antiprogestogenic action of RU486.3
Clinical trials worldwide have demonstrated its effec-
tiveness in terminating unwanted pregnancy early in
the first trimester.*” The efficacy of this effect can be
increased by combination with prostaglandins.®

After oral administration, the compound undergoes
a relatively rapid metabolism (first pass effect). This
occurs in three ways: mono- and didemethylation of
the p-dimethylaminophenyl side-chain (RU 42633
and RU 42848, respectively) and hydroxylation of the
propynyl group (RU 42698). ! All of these metabolites
retain annprogestogemc and antiglucocorticoid activ-
ity in rats.! Relative binding affinity studies have
demonstrated that the major metabolites of RU486
can also bind to the myometrial cytosolic progester-
one receptor.’ The plasma levels of the most potent
RU486 metabolite (RU 42633} were higher than those
of the parent compound.®!° These findings indicated
that the RU486 metabolites may contribute to the
overall effects of the drug in spite of their affinities
being less than that of the parent compound.

Radioimmunoassay,'!~'®* HPLC'®!? and rat recep-
torassay' have already been developed for measure-
ment of the serum concentrations of RU486 and its
derivatives. We have developed a simple and sensitive
radioreceptorassay (RRA) for the determination of
RU486 and its biologically active metabolites in the
serum. The interesting feature of this assay is the use
of a human myometrial cytosolic progesterone recep-
tor preparation as binding protein which is one of the
main target tissues of antiprogestogens. The assay is
based on the competitive replacement of [3HJORG-
2058 by the bioactive molecular fraction of RU486
extracted from the serum. The results were expressed
as the RU486 binding equivalent, which involved all
the RU486 derivatives able to bind to the human pro-
gesterone receptor. We studied the pharmacokinetics

ISSN 0010-7824/96/$15.00
P 30010-7824(96)001T-g 4
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of the RU486 binding equivalent on the basis of se-

rum concentrations measured by RRA.

Materials and Methods R

Chemicals

RU486 [17B-hydroxy-ilB-(p-dimethylaminophenyl)-
17a-(1-propynyljestra-4,9-dien-3-one] was kindly
donated by Roussel-Uclaf Research Centre (Romain-
ville, France). Diethyl ether and 5a-dihydrotes-
tosterone {178-hydroxy-5a-androstan-3-one} were
purchased from Merck (Darmstadt, Germany).
ORG-2058 was obtained fro‘m Organon (Oss, The
Netherlands). Hydrocortisone (118,17«a,21-trihy-
droxy-pregn-4-ene-3,20-dione}, tris-hydroxymethyl-
amino-methane, magnesium chloride, EDTA, glyc-
erol and Na-molybdate were from Sigma (St. Louis,
Missouri, USA). [3HJORG-2058 (49 Ci/mmol) and
[3H]progesterone (65 Ci/mmol) were obtained from
the Radiochemical Centre (Amersham, U.K.).

Subjects

This study was approved by the local Ethics Commit-
tee of the University. The women were examined and
treated according to a WHO project protocol: 39
healthy pregnant volunteers, aged between 18 and 35
years, without detectable liver, renal, cardiovascular
and endocrine disease, were involved in this study.
They had normal menstrual cycles (25-35 days) for at
least three months prior to conception and none had
taken any steroid-containing drugs during this time.
They had been amenorrhoeic up to 49 days with an
ultrasonographically confirmed normal intrauterine
pregnancy. Thirty-one women were randomized into
three groups, receiving 200 mg (n = 9), 400 mg (n = 10)
or 600 mg (n = 12] of RU486 orally in a single dose.
Blood samples were collected at 0, 0.5, 1, 2, 4, 8, 12,
24, 36 and 48 hours after the administration of the
drug. To study the total disappearance of the RU486,
8 pregnant women received 600 mg of RU486 and
blood samples were taken at 0, 1, 2, 3, 7, 14 and 42
days after the intake of the RU486 pills. The serum
samples were stored at ~20°C until analyzed.

Preparation of Cytosolic Progesterone Receptors

Human uteri were obtained from women {aged 45-55
years) undergoing hysterectomy. Non-myomatous
uterine tissues were homogenized in an assay buffer
{20 mM Tris, 3 mM MgCl,, 10 mM sodium molyb-
date, | mM EDTA, 10% glycerol, 0.01% sodium
azide, pH 7.4] with an Ultra Turrax tissue homog-
enizer (Janke & Kunkel, Staufen, Germany) at 4°C.
Cytosol samples were prepared by high-speed cen-
trifugation for 1 hour at 40,000 g. The supernatant

”~
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was collected and stored in aliquots in liquid nitro-
gen. It could be used up to 30 days without a detect-
able decrease in the progesterone receptors. The final
protein content was measured by colorimetry's and
ranged between 5 and 6 mg/ml.

Serum Extraction

One hundred pl serum samples were extracted twice
with 3 ml of diethyl ether. The combined ether frac-
tions were evaporated to dryness in a water bath and
the residue was dissolved in 1.5 ml of assay buffer.

RRA of RU486 Binding Equivalent

Aliquots of cytosol (100 ul} were incubated with 5 nM
[3HJORG-2058 radioligand and RU486 standards (0-
125 pmol/tube) or serum extracts in assay buffer con-
taining 10°® M 5a-dihydrotestosterome and 10¢ M
cortisol to block sex hormone-binding globulin and
corticosteroid receptors, respectively. The non-
specific binding was determined in the presence of 1
pM ORG-2058 and was subtracted from each sample.
After an overnight incubation at 4°C, 250 pl of dex-
tran-coated charcoal was used for the separation of
bound from free fractions. After incubation for 30 min
at 4°C, the tubes were centrifuged for 10 min at 3000

g- The supernatants were transferred into counting. -

vials and 5 ml of liquid scintillation fluid was added
to each vial. The radioactivity of the bound fraction of
the tritiated ligand was measured in an LKB Rackbeta
1211 liquid scintillation counter (Wallac, Turku, Fin-
land). The results were calculated by means of the
WHO Immunoassay Program (Version AS5.2 by P.R.
Edwards) and the amount of RU486 and its biologi-
cally active metabolites which displaced [3H|ORG-
2058 from the progesterone receptor was expressed as
the RU486 binding equivalent.

Reliability Criteria

The reliability of the RRA was examined according to
Cekan.'® The precision (reproducibility) of the devel-
oped RRA was determined by examination of 3
samples at the low, medium and high levels of
RUA486. The samples were measured 10 times in a
single assay and in 10 different assays to calculate the
intra- and interassay CV%, respectively. The average
intra-assay CV% was 9.4% and the interassay CV%
was 12.5%.

The validity of the RRA was assessed in a parallel-
ism test. Serum samples containing high levels of
RU486 were diluted with human female sera col-
lected from the first trimester of their pregnancy (6—8
weeks of gestation) and analysed by RRA. Compari-
son of the dose-response relationship of the standards
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and the diluted samples revealed parallelism becween
them at the 95% confidence level.

Influence of Endogenous Progesterone on RRA

The endogenous progesterone levels of the samples
were also measured by RIA {(WHO Matched Reagent
Programme) together with RU486 determination by
RRA. No correlation was found between them (r =
0.125}), which indicates that the serum progesterone
did not disturb the determination of the RU486 bind-
ing equivalent by RRA.

Extractability

To determine the efficiency of the extraction and re-
covery, human serum pools containing a known
amount of RU486 at the low, medium and high levels
were extracted and then measured by RRA. A very
close correlation was found between the added and
measured RU486 (r = 0.98). The recovery of the ether
extraction ranged from 95 to 107%.

Pharmacokinetic Parameters of RU486

Binding Equivalent

An open two-compartment oral model was used for
characterization of the pharmacokinetics of the
RU486 binding equivalent. The following pharmaco-
kinetic parameters were calculated from each indi-
vidual patient by the iterative method, using the
MedUSA computer programme (Medical Usage of
Scientific Algorithms, Version 1.6, P. Virkonyi,
1990): absorption, distribution and elimination rate
constants (k,, « and B, respectively) and half-lives
{ti;,k,, ti,0 and t, B, respectively), time to peak (t,,,,),
peak levels (C,,,,) and areas under the concentration-
time curves obtained by the trapezoid rule (AUC).

Statistical Analysis

Statistical comparison among the parameter groups
was performed by one-way analysis of variance
(ANOVAJ. Results were considered significant when

p < 0.05. All calculations were done by SPSS statisti-

cal software {SPSS 6.0).

Results
Figure 1 depicts a typical calibration curve from the
developed RRA. Each point represents a mean of trip-

licate determination. The sensitivity of the standard
curve was 8.7 pmol/tube and the optimal measuring

range was 10-120 pmol/tube.

Plasma concentrations of the RU486 binding
equivalent measured within 48 hours after oral inges-

tion of 200 mg, 400 mg or 600 mg of RU486 are de-

[
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Figure 1. A representative calibration curve from the
RU486 binding equivalent radioreceptorassay. Each point
represents the mean of a triplicate determination.

picted in Figure 2. This shows that rapid absorption
and distribution were followed by a relatively slow
elimination, which demonstrates that the RU486
binding equivalent was still present-in micromolar
concentrations in the plasma at 48 hours. There was
a marked between-subject variation in the plasma
concentrations after the same RU486 dose. Figure 3
illustrates the total disappearance of the RU486 bind-
ing equivalent after the intake of a single oral dose of
600 mg RU486. The RU486 binding equivalent was
found to be present in a measurable concentration in

#M RU486 BINDING EQUIVALENT

14
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!
] ; d
6% ; l
1
4%

+ 200 mg RU486
2f = 400 mg RU486
oll . -+ 600 mg RU486

()} 10 - 20 30 40 50
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Figure 2. Serum concentrations of the RU486 binding
equivalent {mean = S.E.M.} measured within 48 hours by
radioreceptorassay after a single oral dose of 200, 400 or 600
mg of RU486.
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#M RU48E BINDING EQUIVALENT

[ .

7
6

Time (days)

Figure 3. Serum concentrations of the RU486 binding
equivalent {mean + S.E.M.} within 42 days after a single otal
intake of 600 mg of RU486, as determined by radioreceptor-
assay.

the serum on the 7th day after the administration, but
decreased below the RRA detection limit between the
7th and 14th days.

Pharmacokinetic parameters of the RU486 binding
equivalent are listed in Table 1. The rapid absorption
was reflected by the small values of k, and the rapid
absorption half-life at all three doses. The absorption
was followed by a rapid distribution from the central
to the peripheral compartment. In contrast, the elimi-
nation of the RU486 binding equivalent from the cir-
culation was very slow, which accounts for the long
elimination half-life (t,,B ranged between 83 and 90
hours) and the elimination rate constants. The inter-
subject variability in the pharmacokinetic parameters
was also very large.

The dose-related pharmacokinetic parameters are
shown in Table 2. Times to peak, peak values and
areas under the curves were calculated. The concen-
tration of the RU486 binding equivalent reached its
maximum within 2 hours, demonstrating a rapid ab-
sorption. The C,,, values were 9.30, 10.65 and 12.30
nmol/l after the oral administration of 200 mg, 400

mg and 600 mg of RU486, respectively. There was a.

significant increase in C,,, on passing from the 200
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Table 2. Dose-related phaimacokinetic parameters of the
RU486 equivrlent (time to peak, peax level and AUC) after
a single oral dose of 200, 400 and 600 mg RU486; values are

. means = SD

RU486 tnax Conax - AUC
Doses {h) {nmol/l) - (h x pmel/l)
200 mg

(n = 9) 1.71 2054 9302222 930.4 £ 270.5
400 mg

{[n=10 205:098 10.6523.37 978112270
600 mg

(n=12) 1.73:071 1230352 1272.0:2983+%

*p < 0.05, compared with 200 mg dose.
tp < 0.01, compared with 200 mg dose.
1p < 0.05, compared with 400 mg dose.

mg to the 600 mg oral dose (p < 0.05). From the aspect
of the bioavailability as assessed via the AUC, signifi-
cant differences were found between the 200 mg and
600 mg doses (p < 0.01) and the 400 mg and 60C mg
doses (p < 0.05), but these elevations were not directly
proportional to the increase of the dose.

Discussion
A number of studies on the pharmacology of RU486
have already been published.!!’-2! It is well known
that RU486 is rapidly metabolized in the splanchnic
circulation after oral administration.! In humans, mi-
cromolar concentrations of monodemethylated (RU
42633), didemethylated (RU 42848) and hydroxylated
(RU 42698) metabolites were observed within 1 hour
after the oral intake of RU486.° The serum concen-
trations of the metabolites (especially RU 42633) at-
tained their peak levels 1-2 hours after the adminis-
tration and remained higher than that of the parent
compound for at least 72 hours.® The affinities of the
metabolites for the human uterine progesterone re-
ceptor are less than that of RU486, but still consider-
able.!® RU 42633 and RU 42698 can interrupt preg-
nancy in rats.! Although the biological effects of the
major metabolites of RU486 have not been evaluated
directly in humans, they may contribute to the phar-
macological action of RU486 because of their high
concentrations in the serum.

We have developed a sensitive RRA for the deter-

Table 1. Calculated pharmacokinetic parameters of the RU486 binding equivalent {absorption, distribution and elimina-
tion) after a single oral dose of 200, 400 and 600 mg of RU486; values are means = SD

RU486 k, t,fk,) o tiple) B(x107%) 11,(B)
Doses {1/h) . (h) (1/h) (h) (1/h) (h)
200 mg(n = 9) 1.60 = 0;73 0.54 £+ 0.28 0.83 049 1.12 £ 0.62 8.36 + 2.69 90.8 £ 26.2
400 mg (n = 10} 1.77 £ 0.79 0.451:0.17 1.04 £ 0.53 0.84 £ 0.41 8.28 + 1.98 84.5+21.8
600 mg {n = 12} 1.65 £ 0.65 0.49 + 0.34 1.01 + 0.69 0.81 £ 0.54 8.91:277 83.6 = 2_1_-%
197
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mination of RU486 and its biologically active me-
tabolites. The human myometrial cytosolic proges-
terone receptor was used as binding protein, which is
the target receptor for RU486 binding. A similar
method has already been developed by Kawai et al., '
who used a rat uterine progesterone radioreceptoras-
say. The species specificity is very important because
the. rat progesterone receptor binds RU486 with
higher affinity than does the human receptor. On the
other hand, the hamster progesterone receptor does
not recognize RU486.2%2 There is a difference in the
hormone binding domains of the hamster and human
progesterone receptors. The amino acid glycine at po-
sition 722 is essential for RU486 binding. The ham-
ster progesterone receptor contains cysteine instead
of glycine at this position.?* The chicken progester-
one receptor has the same property.?®

The assay is based on the competitive replacement
of [(3HJORG-2058 by the biologically active molecular
fraction of RU486. The reliability criteria of this
newly developed RRA satisfy the requirements of ra-
dioligand binding techniques. Our measured data
were used to investigate the pharmacokinetics of the
RU486 binding equivalent after a single oral intake of
three different doses (200 mg, 400 mg, 600 mg| of
RU486. The results from previous single-dose studies

were compared with our data. We found a wide inter-

subject variability in the serum concentrations and in
the pharmacokinetic parameters. These findings
agree with the previously reported data?' An open
two-compartment oral model was applied to describe
the pharmacokinetics of the RU486 binding equiva-
lent. All studies revealed that the time required {t .}
to achieve C_,,, was low, indicating rapid absorp-
tion.!217.2021 This procedure was followed by a rapid
distribution and a relatively slow elimination. As
demonstrated in Table 1, the mean half-life of absorp-
tion was less than 1 hour. T,,,, was also low, which
confirmed the rapid absorption. The absorption was
followed by a rapid distribution with a mean half-life
of 0.81-1.12 hours, but the elimination process was
very slow.

The time for disappearance of the RU486 binding
equivalent from the circulation was very long. We
found a measurable amount of the RU486 binding
equivalent even on the 7th day after the intake of a
single oral dose of 600 mg of RU486, but none was
detected on the 14th and 42nd days. Thus, the total
disappearance of 600 mg of RU486 took about 7-14
days. This finding is in good agreement with previ-
ously published data.!%!7-*! Consequently, t,,, lay in
the range 83-90 hours. This is a very long elimination
as compared with earlier data based on the determi-
nation of RU486 by RIA and HPLC. The average
elimination half-life of RU486 was from 24 to 35

-
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-\ A
hours,'%17207! 4nd oniy Liu et al.'® reported a longer

t,,,8 {abour 53 houis) fiom a RIA determination. Lih.
teenmiki et al.!” demonstrated that, after the inges-
tion of RU486 dozes higher than 100 mg, there is a
redistribution phase within 6-10 hours, after which
the level of R1J486 attzins a plateau for 24-48 hours.
It shouid be noted that we measured the.serum con-
centrations of the RU486 binding equivalent only for
48 hours. Thus, terminal elimination half-lives cal-
culated on the basis of this interval can only be ac-
cepted as approximate values. When the dose is
higher than 50-100 mg, the specific high-affinity car-
rier protein of RU486, the human orosomucoid, be-
comes saturated and RU486 starts to enter the tis-
sues.!” Heikinheimo found that the in vitro RU486
accumulation in the adipose tissues was less than ex-
pected in the presence of a,-acid-glycoprotein. He
suggested that other mechanisms, e.g., tHe enterohe-
patic circulation, may also be responsible for the long
elimination of RU486.'

The peak level and AUC are very important param-
eters in studies of the dose-related pharmacokinetics
and bioavailability. We have found that the RU486
binding equivalent level was higher than that of
RU486 as measured by HPLC; this was not surprising
as the RRA measured the bioactive metabolites to-
gether with the parent compound. Significant in-
creases were found in C,,, on passing from the 200
mg dose to the 600 mg dose (p < 0.05), and in the AUC
on passing from the 200 mg and 400 mg dose to the
600 mg dose (p < 0.01 and p < 0.05, respectively).
However, these differences were not directly propor-
tional to the increase of the dose.

Although the HPLC is more specific in studies on
the pharmacokinetics and metabolism of RU486, this
newly developed radioreceptorassay satisifies the re-
quirements of radioligand binding techniques and can
give comparable results with the HPLC and RIA. The
RRA applying an appropriate standard, can also be
used to determine the serum concentrations of other
compounds (e.g., ZK98734, Schering AG., our unpub-
lished data) able to bind to human myometrial pro-
gesterone receptors. The pharmacokinetics of the

'RU486 binding equivalent is similar to that for

RU486. However, we found that the elimination half-
lives were very long as compared with previously
published data. This difference may be caused by the
metabolites being measured together with RU486. It

is important to stress that the human myometrial

cytosolic progesterone receptor was used as binding
protein, which is the target reeeptor for antipro-
gestins, and we determined only the biologically ac-
tive derivatives. Our findings suggest that the phar-
macological effect of RU486 is prolonged after a
single oral dose. Further, the biologically active me-
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tabolites of RU486 (especially the monodemethylated
metabolite, whose concentrations were higher than
those of RU486 in all tissues examined, e.g., human
myometrium'®) may play an important role in the
mechanism of the antiprogesterone action of RU486.
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In the search for a more potent alternative to a single
i.m. injection of methotrexate for ectopic pregnancy. a
randomized trial was organized. The efficacy of a com-
bination of methotrexate and mifepristone was compared
with methotrexate alone in the treatment of unruptured
tubal pregnancies. The diagnoesis of an unruptured tubal
pregnancy was confirmed laparoscopically in 50 patients
during 2 2 year period. Women were randomized to receive
a single i.m. injection of 50 mg/m? methotrexate alone or
a single dose of 600 mg oral mifepristone in combination
with the same dose of methotrexate. Both treatment
protocols were successful in achieving theé resolution of
unruptured ectopic pregnancy (18/25 in the methotrexate
group and 22/25 in the combination group) following the
initial intervention. A second injection was needed in four
(16%) cases in the methotrexate group and in one (4%)
case in the combination group. Overall. a complete reso-
lution was achieved in 22/25 and 23/25 cases respectively.
Unruptured ectopic pregnancy resolved faster in women
given the combination of methotrexate and mifepristone
tompared to women given methotrexate only (P = 0.01).
The effect of the methotrexate and mifepristone combina-
tion was more pronounced in women with higher human
chorionic gonadotrophin concentrations.

Kev words: methotrexate/mifepristone/tubal pregnancy

Introduction

.n_le incidence of ectopic pregnancy has almost doubled in the
Western world since the 1960s and ranges from 0.25-1% of all
Pregnancies (Stabile and Grudzinskas. 19944 High resoluuon
ultrasound and readily available B-human chorronic gonadotro-
PAIN (HCG) assavs have enubled the earher diagnosis of
“ctopic pregnancy. which 1s often unruptured. Diagnosis of an
YNUptured ectopic pregnancy allows therapy to be either
Medical or surgical.

' Outcomes, of laparoscopic linear salpingostomy. which i~
“Buably the most suitable surgical opuon for unruptured
sthmic or ampullary gestations not larger than 4 cm. show

©
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that 95% of procedures are successtul with a recurrence rate
of 22% (Buster and Carson. 1995). Following laparoscopic
surgery. postoperative complications such as bleeding. elevated
HCG. or other persisting svmptom~ occur 1n up to 20% of
cases. Clasen er al. (1997) suggested that 4 surgical approach
by means of the laparoscope should remain the gold standard
and should be optimized further. at least until more data are
available to evaluate the true value of the non-surgical
approach. Mayvmon and Shuliman (1996) suggested that the
first line treatment should be laparoscopic salpingostomy or
ultrasound guided methotrexate injection and that further
studies were needed to compare differemt conservative treai-
ment options. It must be emphasized that laparoscopic surgery
requires special instruments and experuse which may not
always be readily available.

However. if the tubal ectopic pregnancy is not larger than
4 cm in diameter. a single 1.m. dose (30 mg/m-) of methotrexate
is effective in more than 90% of cases (Stovall and Ling.
1993). A second injection may be needed in 3% of cases.
Corsan et al. (19935 reported mild. self-limited side-effects in
41% of women following 1.m. methotrexate administration.
Exacerbation of abdominal pain after treatment was noted by
59% of patients (Stovall and Ling. 1993). Tubal patency is
often conserved and the recurrence rate 15 very low (12%)
(Stovall and Ling. 1993). However. failed treatment may be
life threatening and therefore further improvement is required
if medical treatment is 10 become an accepted first hne
management of unruptured tubal pregnancy.

Mifepristone is the first chmically effective antiprogestagen.
It is aiready being used to induce first tnmester aboruon
particularly in conjunction with a prostaglandin (UK Mult-
centre Trial. 1990: Ulmann er al.. 1992). but has been unsuc-
cessful in the treatment of ectopic pregnancies (Paris er al..
1986a. b: Kenigsberg er al.. 1987: Levin ¢1 ul.. 1990: Tulandi.
1992: El-Rafaey er al.. 19931 There 1s. howerver. evidence to
suggest that mifepristone may have some beneficial effect
in the treatment of ectopic pregnancy (Dieth 1992). We
hypothesized that whilst the etfect of mifepristone on the
development of an ectopic pregnancy may not be strong
enough 1o cause resoluuon. it may stll have a chmcally
important negatinve eftect on the development of the ectopic
trophoblast.

The purpose of this study was to test the hypothesis that o
combination of methotrexate and mifepristone could provide
a more potent alternative for the medical treatment of ectopic
pregnancies. We conducted a prospecuve. randomized trial 10
compare the efficacy of 30 mg/m- 1.m. methotreaate injecuon
alone with a combination of 50 mg/m* methotrexate 1njection

2 0 6987
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Figure 1. Summan of recruitment and treatment data. USS = ultrasonography.

Table I. Demographic details

Methotrexate Methouexate

~ mufepnsione onh

tn =25 in o= 25
Age (vears)? 29 i4.4) 273
Pariy® 10-2) 10-2)
Weight (kg)® 58147-712 53 (45-69)
HCG at randomuzauion (IUM)® 497 (304200) 146 (52-12 7001
Abdomunal pain (% 2292 21 (84
Vaginal bleeding (%) 15 (63) 16 (64)
Pentoneal fluid on scan (%) 23 (961 24196y

*Mean (SD).
®Median (range).
HCG = human chononic gonadotrophin.

and 600 mg of oral mifepnstone in the treatment of unruptured
tubal ectopic pregnancy.

Materials and methods

Between April 1994 and April 1996. 131 women who presented 10
the Early Pregnancy Unit at Singleton Hospital, Swansea. UK. with
suspected ectopic pregnancy had symptoms of abdominal pain oniv
tn = 121). vaginal bleeding only (n = 10) and pain with bleeding
(n = 87). All patients had a urine pregnancy test and a vaginal
uitrasound scan examination. Haemodynamically unstable patients.
pauents with hepatic or renal dysfunction. ectopic pregnancies with
a diameter greater than 4 cm on ultrasound scan. smokers over the
age of 35 vears. long term conticosteroid users. and patients with
haemorrhagic disorders or who were on anticoagulant therapy were
not invited 10 take pan in the study (n =17) (Figure 11. The remaining
114 pauents were invited to take part in the tnal. Ninety -eight patients
agreed to take pant and had 2 diagnostic laparos;:ﬁp_\ 1o diagnose
posinely an unruptured tobal ectopic pregnarcy. Women were
counselled and an informed consemt obtained for the medical treatment
pnor 1o laparoscopy.

Unruptured ectopic pregnancy with a diameter not larger then 4 cm
was diagnosed 1n 50 cases (S1% ). Twelve (12%) women were
diagnosed ax not having an ectopic pregnancy. In 36 (37% ) cases the
operating surgeon decided against medical treatment due 10 a ruptured
tube (n = 41 large ectopic >4 cm tn = 5} acuve bleeding from the
fimbnal opening (n = 18) or technical difficulues due to adhesions

1988
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and/or blood where visualization was hmited (n = 9) and a laparatom)
was camed out (Figure 1).

Following laparoscopic diagnosis of an unruptured tubal ectopic
pregnancy and pentoneal lavage. a consecutivgly numbered envelope
was opened and 50 women were randomiy allocated to one of the
treatment groups. A computer generated randomization sequence was
used in the preparation of the envelopes. Women in the methotrexate
only group received a single i.m. injection of 50 mg/m” body surface
and women in the combination group received the same dose of
methotrexate and a single dose of oral mifepristone (600 mg).

Following treatment women were allowed home within 24 h. The:
were reviewed on the 4th and 7th day on an out-patient basis. All
women had blood HCG estimations. hepatic and renal function tests
and full blood counts (red cells. white cells and platelets) on each
visit. If the HCG concentrations dropped by more than 15% between
days 4-7. the women were then reviewed weekly until the HCG
concentrations were below 12 IU/. If the decrease was less than
15% between days 4-7 then a second dose of methotrexate wa-
administered. In these cases. blood HCG concentrations were estim-
ated also on days 11 and 4. On each visit women were asked aboul
side-effects and complaints. These were recorded on data sheet
Advice was given regarding the use of contraception to avoid
pregnancy for 3 months following the methotrexate administration.

The first 25 women were offered hysterosaipingograms (HSG) 1o
assess their tubal patency once the complete resclution of the ectopic
pregnancy was achieved. Ten women out of the first 12 from the
methotrexate only group and 10 out of the first 13 women from the
combination group agreed to have a HSG following their first norm.:
period. The mean ume interval from treatment to HSG was =°
days (=8.4) in the methotrexate group and 36 davs (=7.2) in the
combination group.

The pnmary outcome measure was the complete resolution o
ectopic pregnancy defined a~ HCG concentranons <12 1U/ follow in.
the initial treatment. The secondan outcome measures were the nec-
for a second injection. resolution interval. need for laparotomy at.
conserrauon of tubal patency.

Results were analvsed on an intenuon to treat basis. In the staust .-
analysis. non-parametnic data were described as median (range) at.
parametnc data as mean (=SD). Differences between the group
were analvsed using Fisher's exact test for non-parametnc and 7
test for parametnc data. Continuous vanables were analysed usi:
the Mann-Whitney U test for non-parametnc duta. The Kapla -
Maier test was used tor median resolution umes. The strautied o -
rank test was used to calculate the x- for equivalence of resoluti?
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Mifepristone and methotrexate in tubal pregnancy

Table (1. Management and outcome

Methotrevate Methetrenate Odd~ CAR

= mitepastone onls raty

i =25 tn = 25,
Imtial intenvennion successtul <7, 2288 IRT2 285 03419 1"
Methotrexate (vecond doses -7 . 1ad ENELY] 022 [RELE TR
Complete resolution 7 ) 239 22088 157 0.16-21 28
Laparotomy 7 AR T 1) od NDYI-A ju
Outpatient visits cnumber RSP 4.2l -2 -
Time to resotution «day »r* 1417235, 2taT-H 0-"
Nausea 248 218

*Median trange.
Cl = contidence interval.

None of the ditferences between treatment groups was signincant.

-ates and the difference between the groups. taking into account the
mmiual concentratrons of HCG. success of the treatment and resolution
rates. As this was a feasibility study. sample size was not based on
pre-specified power calculatuons. The aim was 10 recruit all eligible
somen’in a 24 month period.

Results

Twenty-five patients were randomized to receive methotrexate
only and 25 patients to receive methotrexate and mifepristone.
There were no differences between the groups regarding the
age. panty. body weight and initial concentrations of HCG
(Table D). A complete resolution of the ectopic pregnancy
tollowing the initial intervention was achieved in 22 cases
1§8%) of the methotrexate group and in 23 cases (92%) of the
<ombination group. A second injection was needed in four
cases (16%) in the methotrexate group. and in one case (4%)
in the combination group. Similar rates were observed in
the incidence of laparotomies: three (12%) and two (8%)
respectively. The median resolution (HCG < 12 IU/) time in
the methotrexate group was 21 days (range 7-63) and 14 days
rrange 7-35) in the combination group (Table II).

There were three cases of laparotomy in the methotrexate
group. One woman had a rise in serum HCG concentrations
between days 4 and 7 and there was abdominal pain. A second
tnjection of methotrexate was offered but the patient decided
to withdraw from the trial and requested a laparotomy and
saipingectomy. The operation confirmed an unruptured cornual
pregnancy which was missed at the initial laparoscopy. In the
second case the patient had severe abdominal pain on day 5§
of the initial diagnosis. A vaginal ultrasound examination
confirmed that the ectopic pregnancy had increased in size

>3 cm). A laparotomy and salpingectomy was carried out

and an enlarged but unruptured tube was found. The third
pauent had faling HCG concentrauions from 11478 IUA o0
162 U/ within 7 weeks. However her symptpﬁ\s of abdominal
pain persisted. A laparotomy and salpingectomy was performed
which confirmed a 6 cm long. unruptured Fallopian tube
enlarged along its horizontal axis. It contained resolving
products of conception.

In the combination. group there were two laparotomies. In
the first case abdominal discomfort persisted despite falling
HCG concentrations. A laparotomy and salpingectomy 5 weeks
atter the iniual treatment confirmed an unruptured ectopic

Lol
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pregnancy. In the second case a second methotrexate Injection
was administered on day 7 due to raised HCG concentrations.
A sausfactory drop in HCG concentrations was achieved (from
4682 1U/ 10 3884 IU/L. 17%) within a week. The patient was
essentially asymptomatic. However, a clinical decision was
then taken to perform a laparotomy and linear salpingostomy.
All surgical interventions in our trial were due to doctors’ bias
as all patients were haemodynamically stable.

There were 45 women in whom tubal pregnancy had
resolved successfully following the medical treatment; 22 in
the methotrexate only group. 23 in the combination group.
Using the stratified log-rank test. the overall ¥° for the
equivalence of the resolution rates was 691 (P = 0.01)
confirming the significant difference between the treatment
groups. Having divided the data from resolved pregnancies
in both groups (n = 45) according to the median HCG on day
1 (423 IUN). x° for the equivalence of resolution rates
between the groups for patients with a concentration of HCG
over 423 [U/ on day | was 7.21 (P = 0.01) and for patients
with a HCG concentration below 423 [U/N was | (P = 0.3).
indicating significant difference of the resolution rates between
two treatment arms in patients with higher concentrations of
inttial HCG (>423 IU/M.

Two women in each group reported mild nausea. The platelet
and white cell count. hepatic and renal function tests stayed
stable in all women. None of the patienis had evidence of
pancytopenia.

In all 20 women who had hysterosalpingograms the tubes
in which the ectopic pregnancy was initially diagnosed were
found to be patent.

Discussion

The combination of methotrexate with mifepristone appears
1o have had a stronger effect on the resolution of unruptured
ectopic pregnancies compared to methotrexate alone. although
the numbers were relatively small and the data are limited.
The success rates for treatment arms were similar. however.
median administration to resolution times were shorter and a
second injection or laparatomy was less likely to be needed
in the combination group. Our results suggest that mifepristone
in combination with methotrexate has a more pronounced
effect on the resolution of tubal pregnancy when the initial
HCG concentrations are high (>423 IUA).
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..Our oserall suceess rule of medical treatment was 90%
wnich v camporable to previously reported trials using the
wme dewe of 1m. methotrexate (Stosall and Ling. 1993 Glock
et wl.. 1994 Gross ef ai. 1995, We analysed our data on an
intention 0 treat basis and included all women randomized
for the mal. One woman n the methotrexate only group
withdrew from the trial and opted for laparotomy on duy 7
when she was asvmptomatic. Another laparotomy. from the
combinaton group. wWas 4 violaoon of the tnal protocol as the
patient was asvmptomatic and HCG concentrations were
talling.

In our trial the diagnosis of an unruptured ectopic pregnancy
was made laparoscopically. Laparoscopy is the gold standard
Jiagnostic test in women with suspected ectopic pregnancy
and it can be curried out by on-call gvnaecologists throughout
the UK. Laparoscopic assessment and penitoneal lavage enabled
women with Huid in the pouch of Douglas. who would
otherwise be unsuitable. 10 be considered for medical
treatment.

Laparotomies in our trial were carried out semi-electively.
i.e. none of the patients had haemodyvnamic complications or
collapse. We suggest that emergencies are likely to be avoided
if laparoscopic diagnosis ts used.

We agree that etforts should be focused on the non-
surgical diagnosis of intact ectopic pregnancy. However. current
protocols include serial HCG measurements and endometrial
biopsies which may cause considerable delay before the
diagnosis is made (Vermesh. 1989: Ling and Stovall. 1993).
Furthermore. proposed diagnostic protocols suggest that the
presence of fluid in the pouch of Douglas on transvaginal scan
should be an indication for diagnostic laparoscopy to-exclude
tubal rupture. It is worth noting that out of 50 women with
unruptured ectopic pregnancy in our tnal only three did not
have fluid in the pouch of Douglas.

In instances where the diagnosis remains uncertain. laparos-
copy will remain invaluable. In such cases women should be
given the choice of medical treatment. We believe that the
combination of methotrexate with mifepristone otfers a better
altenative to single dose methotrexate. If better conservation
of the reproductive function and lower complication rates are
confirmed by larger studies. medical treatment even after a
diagnostic laparoscopy may be a viable option to laparoscopic
salpingostomy.
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Leukaemia inhibitory factor (LIF) is a cytokine which
plays an obligatory role in mouse blastocyst implantation.
In human endometrium, LIF expression is significantly
increased in the mid-luteal phase indicating that LIF may
also play an important role in the human. We have
previously shown that a single dose of 200 mg of mifepris-
tone immediately post-ovulation is an effective contracept-
ive method, probably due to inhibition of endometrial
development and function. The purpose of this study was
to investigate the effect of various doses of mifepristone on
endometrial LIF expression. A total of 22 fertile, regularly-
menstruating women were studied during control and
treatment cycles. The subjects were divided into four
groups: group I received a single dose of 200 mg of
mifepristone on cycle day LH + 2 (n = 7). The subjects
in groups I and III were treated with either S mg (n =
5) or 2.5 mg (n = §5) once a week for 2 months. Group IV
subjects received 0.5 mg per day (n = 5) of mifepristone
for 3 months. LIF was measured immunohistochemically
in endometrial tissue specimens taken on the corresponding
day (cycle day LH + 6 to LH + 8) in hormonally-
characterized control and treatment cycles. LIF immuno-
staining was observed in all controls and located to the
cytoplasm of the luminal and glandular epithelial cells and
stromal cells. In the treatment cycles the staining of luminal
epithelium and stroma was similar to controls, while the
glandular staining was reduced in all treatment groups.
This study reveals that early luteal phase treatment as
well as intermittent or daily low dose treatment with
mifepristone reduces endometrial glandular LIF expression
at the expected time of implantation. The results further
support the contraceptive potential of mifepristone in
low doses. ‘
Key words: antiprogestin/endometrial receptivity/implanta-
tion/LIF .

Introduction

Implantation is a sequence of events whereby the blastocyst
becomes attached to the uterine wall. Mammalian implantation
involves an extensive interaction between the embryo and

© European Society for Human Reproduction and Embryology
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endometrium. Although the regulation of implantation is not
clearly understood, it is well known that progesterone is
essential for the development of a receptive endometrium.
Recent studies suggest a critical role for autocrine/paracrine
factors such as cytokines in this process, which may be the
effectors of the steroid hormones. Cytokines are not only
hormonally regulated but also regulate each other in a cascade
process. Leukaemia inhibitory factor (LIF) is a cytokine which
plays an obligatory role in mouse blastocyst implantation.
The role of uterine expression of LIF in implantation was
demonstrated in transgenic mice homozygous for LIF defi-
ciency. Implantation and normal development of these embryos
occurred when transferred to wild type recipients or when
exogenous LIF was given to the LIF deficient female (Stewart
etal, 1992). Wild type blastocysts could not implant when
transferred to homozygous mice. Human endometrium has
been found to be an active site for cytokine growth factor
production and action (Giudice, 1994; Tabibzadeh, 1995;
Simén et al., 1996). Expression of endometrial LIF mRNA and
protein changes during the menstrual cycle and is significantly
increased in the midluteal phase.(Chamock-Jones er al., 1994).
The high level of endometrial LIF secretion at a time when
implantation normally occurs indicates that LIF may also
play an important role in human endometrial receptivity and
implantation.

The development of antiprogestins offers a way to study
progesterone-dependent mechanisms involved in the process
of successful implantation such as the development of a
receptive endometrium. Treatment with 200 mg of mifepristone
or 400 mg of onapristone on cycle day LH + 2 did not
significantly affect the pattern of LIF immunostaining in
endometrial biopsies taken on cycle day-LH + 4. However.
reduced glandular staining was evident on cycle day LH + 6
(Cameron et al., 1996). Administration of an antiprogestin
immediately post ovulation is an effective contraceptive
method (Gemzell Danielsson ez al., 1991.. The contraceptive
effect seems to be primarily due to inhibition of endometrial
development and function (Swahn eral., 1990; Mientausta
et al., 1993; Gemzell Danielsson and Hamberg, 1994; Gemzell
Danielsson eral., 1994). It was recently shown that low
intermittent or daily doses of mifepristone disturb endometrial
maturation and secretory activity without inhibiting ovulation
and the normal rhythm of the menstrual cycle (Gemzell
DanieJssones al., 1996, 1997). Whether the effect of low doses
of mifepristone is sufficient to prevent implantation remains
to be established. .

The purpose of this study was to investigate the effect of
various doses of mifepristone on the endometrial expression
of LIF as a potential contraceptive method.
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The study was approved by the cthics committce of the

Karolinska Hospital. Informad consent was obtained froi.: e2sh
subject before inclusion in the study. L

Materials and methods - -

A twotal of 22 healthy women, 22-40 years of age., with regular -

menstrual cycles (25-35 days) volunteered for the study. Noné of the
women had used steroidal contraceptives or an intrauterine device
for a minimum of 3 months pnior to the study. Gynaecological
examination was performed on admission. The subjects who were
not sterilized were advised to use barrier methods for contraception
during the study and all subjects were asked to keep daily records
on any side-effects and bleeding.

The study included ane control and one to three treatment cycles.
The subjects were randomly assigned to four groups. Group I received
a single dose of 200 mg of mifepristone on cycle day luteinizing
hormone (LH) +2 (n = 7). The subjects in groups II and III were
treated with either S mg (n = 5) or 2.5 mg (n = 5) of mifepristone
once 2 week for 2 months starting on cycle day 2. The subjects in
group IV received 0.5 mg of mifepristone as a daily dose for 3
months (» = 5). In all treatment groups, endometnial biopsies were
taken on the corresponding day (cycle day LH + 6 to LH + 8) of
control and treatment cycles. The biopsies were obtained from the
uterine fundus using a Randall curette without prior cervical dilatation
or anacsthesia. All specimens were frozen immediately and stored in
liquid nirogen until analysed.

Hormone assessment

During the control and treatment cycles, serum and urine samples were
collected. The samples were analysed for pregnanediol glucuronide,
oestrone glucuronide and luteinizing hormone (LH) using radio-
immunoassay (Cekan er al., 1986). The hormone concentrations -in
urine were expressed per gram creatinine (Metcalf and Hunt, 1976).
For creatinine analysis a commercial kit (Sigma Diagnostics, St
Louis, MO, USA; Procedure no. 555) was used. In addition, all
subjects determined the LH peak in urine samples collected twice
daily from approximately cycle day 10 to LH + 2 by using a rapid
self-test (Clearplan, Searle Unipath Lid, Bedford, UK).

Immunohistochemical analyses

The endometrial specimens were mounted in an embedding medium
(OCT Compound; Miles Inc, Elkhart, IN, USA) and sectioned to 8-
10 um. The sections were placed on glass slides and air-dried for
15~20 min before 10 min fixation in acetone. The slides were washed
three times with phosphate-buffered saline (PBS) for 2 min each,
incubated in H;0, (0.3% in MEOH) for 5 min to block endogenous
peroxidase activity and then washed 3X2min in PBS prior to
incubation with normal horse serum (1.5% for 30 min). Polycional
LIF antibody (R&D Systems, Minneapolis, MO, USA) diluted 1:80
was supplicd and incubated overnight. The slides were then washed
three times in PBS for 2 min. Specific binding of the primary
antibody was detected using a complex of biotinylated horse anti-
goat immunoglobulin (vector diluted 1:200 for 30 min). The slides
were then washed in PBS prior to incubation ‘for 30 min with AB
Complex (Vectastain ABC kit, Vector Laboratories Inc., Burlingham,
CA, USA; prepared according to the manufacturer’s instructions).
After PBS washing the peroxidase substrate solution p-amino-ethyl
carbazole (ACE; Sigma) was added. When incubated for S min the
sections were rinsed with tap water, counterstained with hacmatoxylin
(Kebo, Stockholm, Sweden) 10%, 3 min and mounted with coverslips.
Control incubations induded deletion of the primary antibody. The
occurrence of specific staining for LIF was characterized as absent
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(= 0%), weak (+: 1-30%), moderate (++: 31-60%), or strong
(+++; 61:'-]00%). A coatrol specimen was always included with
the ueatment oiopsies as a positive control.

Morphometric analyses

" One part of the biopsy material was immediately fixed in Bouin's

solution and used for light microscopic examination (X400) after
embedding in paraffin and stained with haematoxylin. Morphometric
analyses were performed measuring number of glands per mm-.
number of glandular and stromal mitoses per 1000 glandular or stromal
cells respectively, glandular diameter (um), glandular epithelial height
(1m), cells with basal vacuolization per 1000 glandular cells as weil
as the number of pseudostratified cells and the degree of stromal
oedema (Johannisson eral., 1987). Microscopic evaluation of the
samples was performed at the end of the study by one person. who
was unaware of the precise cycle day and whether the biopsy was
taken in the control or treatment cycle.

Statistical analysis

Differences in morphometric data were evaluated by using the two-
tailed Wilcoxon signed-rank test. P < 0.05 was considered to be
statistically significant. .

Results

All control and treatment cycles were ovulatory with an LH
peak. Urinary concentrations of oestrone glucuronide and
pregnanediol glucuronide, LH and serum concentration of
cortisol were not significantly affected by the administration
of mifepristone (data not shown). However, following treatment
with 5 and 2.5 mg of mifepristone once a week, ovulation
could occasionally be delayed by 6-13 days. No other side-
cffects were noted.

In group 1 (200 mg on LH + 2), treatment with mifepristone
produced profound endometrial changes in all subjects with a
histological pattern corresponding to the proliferative phase
or irregular secretory activity. Statistical evaluation of the
morphometric analysis revealed a significantly decreased
glandular diameter (P < 0.01) and an increased number of
glandular (P < 0.01) and stromal (P < 0.01) mitoses. Durning
weekly administration of 5 mg mifepristone, statistical evalu-
ation revealed a significant increase in number of glands (P <
0.05) and glandular diameter (P < 0.02). No statistically
significant effect was observed following 2.5 mg mifepristone.
Following treatment with 0.5 mg mifepristone/day, endometrial
development was slightly retarded and the diameter of the
glands was reduced (P < 0.05) from a mean of §5.5 = 2.0 10
39.7 £ 9.7 um after the third treatment month. No signs of
hyperplasia or any endometrial atypia were found.

LIF immunostaining was observed in all controls and located
to the cytoplasm of the luminal and glandular epithelial cells
and stromal cells. In treatment cycles. the staining pattern of
the luminal epithelium and the stroma was similar to controls
(data not shown), in contrast to the glandular staining which
was entirely different (Table I). Administration of 200 mg of
mifepristone given on LH + 2 resulted in reduced glandular
staining in all seven cases. When 5 mg of mifepristone was
given once a week, all subjects showed decreased staining in
the glandular epithelium in a similar way (Figure 1). In two
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Table L Immunosuining” of Ieunemu whibiory Acws (LF)ha endomemd {fagdqlu epubehal cells in

conaols and dunng treatment with mifepristone in. var-ous daq,

- B -

-

Subject Type of cycle . Gmupl R ("-mup n - Group M Group IV
no. T . 20mg - S eek 1.5 my/week 0:5 mg/day
O (=7 -~ =S T (=3P (n = SF
Y - ¥. -

i Conwol - e+ T oes +++ ++4
Treatment +4 et ++ +4++ .
Treatment - . ++ e ++4 -

2 Control +4++ . +%+ Lo+++ +++ -
Treatment _ *+ L+ .ty +++
Treagment - ++ + ++

3 Coatrol L -+ - ++ ++
Treatmertt ++ + + +
Treatment - T ¥+ + .

4 Control +++ ++4+ +++ +++
Treatment + 4 ++ ++ ++
Treatment - R ++ ++

5 Control ++ +++ +++ +++
Treatment + ++ +++ ++
Treatment - ++ ++ ++

6 Control +++
Treaunent ++
Treaunent -

7 Coatrol +++
Treaunent ++ *
Treatment -

*Scoring system for staining: - = absent (%), + = weak (1-30%), ++ = moderate (31-60%), +++ =

stroag (61-100%).

*Endometrial biopsies obtained during the first and second treatment cycles.
“Endometrial biopsics obtained during the first and third treatmeat cycles.

9Second treatment moanth.
*Insufficieat material.

subjects (numbers 2 and 3, group II), LIF expression increased
again in the second treatment month. Reduced glandular
staining was also observed in all biopsies during treatment
with 2.5 mg once a week and 0.5 mg of mifepristone in daily
doses (Figure 2). However, in groups Il and IV (2.5 and
0.5 mg) the effect seemed to be more pronounced during the
second or third treatment months.

Discussion

This study was designed to evaluate the effect of the progester-
one receptor inhibitor mifepristone on the expression of LIF
invivo in the endometrium of fertile women during the
expected time of endometrial receptivity.

Evidence is accumulating to suggest that cytokines and their
receptors expressed in the endometrium and embryo and
controlled at the endocrine and paracrine/autocrine levels
initiate the mutual recognition of implanting blastocyst and
endometrium (Simon et al., 1996). The coordination of cyto-
kines and/or receptor expression by the maternal environment
appears to be critical to the early development of the embryo.
In mice, a burst of LIF mRNA expression restricted to the
endometrial glandular epithelium occurs on day 4 of pregnancy
in response to oestrogen and has been shown to be obligatory
for implantation. Although the regulation of human and murine
LIF is different, the role of LIF in implantation may be similar.
Reverse transcriptase—polymerase chain reaction (RT-PCR)
from human blastocysts shows the presence of LIF receptor
mRNA only at the blastocyst stage indicating that human
embryos may be capable of responding to LIF stimulus at the

”
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time of endometrial receptivity (Charnock-Jones et al., 1994).
The expression of LIF in human endometrium has been shown -
to depend on the stage of the menstrual cycle. LIF protein and
mRNA concentrations increased significantly in the mid- and
late secretory phase samples (Charnock-Jones et al., 1994)
while cultured human epithelial and stromal cells in the
follicular phase secrete very low amounts of LIF (Chen er al.,
1995). Cultures of epithelial cells isolated from all stages of
the meastrual cycle secrete more LIF than the stromal cells
(Chen et al., 1995).

In control biopsies taken on LH + 6 to + 8, LIF immuno-
staining was observed in the cytoplasm of both glands and
stroma. Treatment with 200 mg of mifepristone on cycle day
LH + 2 apparently had no effect on the stromal or luminal
epithelial staining while reduced glandular staining was evid-
ent. The lack of effect of mifepristone on LIF expression in
luminal epithelium and in stromal cells may indicate a different
mechanism of regulation in these cells. It has previously been
shown that steroid hormones (oestradiol and progesterone) do
not have any regulatory effects on LIF mRNA expression or
protein production by human endometrial cells in culture (Arici
et al., 1995). However, interleukin (IL-1B), tumour necrosis
factor (TNF)-a, platelet-derived growth factor (PDGF), epi-
dermal growth factor (EGF) and transforming growth factor
(TGF)-a are potent inducers of LIF expression in endometrial
stromal cells. LIF expression induced by these cytokines was
inhibited by interferon-y (Arici etal., 1995). Furthermore,
progesterone, EGF and IL-1B up-regulate the expression of
IL-1 receptor type 1 mRNA in endometrial stromal cells
(Simon et al., 1994a,b). The differences in the regulation of
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Figure 1. The effect of 5 mg mifepristone once weekly on
leukaemia inhibitory factor (LIF) expression in human
endometrium. An endometnial biopsy was obtained on day LH - 6
10 ~ § in the control and in the second treatment cycle. (A} control
cycle: (B) wreatment cvcle. LH = luteinizing hormone.

glandular stromal LIF production possibly reflect different roles
for glandular and stromal cells during embryo implantation.
LIF expression in glandular epithelium may imtiate embryo
atachment whereas. during stromal invasion. blastocyst secre-
tion of IL-1 and other factors induce stromal secretion of LIF
which then induces human chorionic gonadotrophin (HCG)
production by the trophoblasts (Sawai eral. 1993. Anci
ctal.. 1995).

Although glandular staining was reduced n all subjects
during mifepnsione treatment. staining was not completely
blocked in uny case. Reduced glandular stdiming following
carly luteal phase treatment with mifeprisione and onaprisione
wus recently reporied by Cameron eral. (19961 who found
that treatment with 200 mg of mifepnistone or 46 mg ot
onapristone on cvcle day LH + 2 did not signincantly affect
the pattern of LIF immunostaining in endometnum taken on
LH ~ 4 while reduced staining was evident in most subjects
when biopsies were tahen on LH = 6. This 18 in accordance
with our previous finding (Gemzell Danielsson e al.. 1993
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Figure 2. The effect of daily administration of 0.5 mg mifepristone
on leukaemia inhibitory factor (LIF) expression in human
endometrium. An endometrial biopsy was obtained on day LH = 6
1o ~ 8 in the control and the third treatment cycle. (A} control
cycle: (B) treatment cycle.

that a single dose of 200 mg mifepristone on cycle day LH ~+
2 is effective for contraceptive use on a‘regular basis. The
contraceptive effect seems to be primarily due to inhibition ot
endometrial maturation and function with subsequent lack oi

implantation. -
Recent results indicate a dissociation between the central

effects of mifepristone on gonadotrophin-dependent folliculo-
genesis and ovulation and the effect on the endometrium
(Batista et al.. 1992: Ledger er al.. 1992: Croxatto cr al.. 1993
Gemzell Danielsson ¢r af.. 1996. 1997). This opens a possibility
for the development of a low dose regime that would inhibt
endometrial function without blocking ovulation. Tomnvesugate
this possibility. mifepristone was administered once a week 1.
S and 2.5 mg doses or in daily doses of 0.5 and 0.1 mg
Mifepristone in these low doses did not inhibit ovulation but.
with the exception of 0.1 mg. daily. significantly inhibited
endometrial secretory function. Glandular expression of glyee:
delin and binding of Dolichus bifforus aggluimn (DBA) lect
was reduced as well us serum concentratons of giveodehn

207



Doses of 5 mg of mifepristone once a week also inhibited the
normal mid-luteal down-regulation of progesterone receptors
(Gemzell Danielsson er al., 1996, 1997). Whether these effects
on endometrial secretory activity are sufficient to prevent
ymplantation remains to be shown. However, in the present
study 5 or 2.5 mg mifepristone once a week for 2 months and
0.5 mg in daily doses for 3 months reduced glandular expression
of LIF on day LH + 6 to + 8 in all subjects, apparently as
effectively as treatment with 200 mg once a month. The
increase in LIF staining during the second treatment month
with 5 mg/week in two subjects after an initial decrease
.needs further elucidation. However, this could reflect the
ineffectiveness of mifepristone to prevent implantation in some
patients, possibly as a result of timing and dosing of drug
administration.

Taken together, the results from this and previous studies
indicate that endometrial LIF may also have a role in human
implantation. Furthermore, this study gives additional informa-
tion about the biological effect of mifepristone in human
endometrium and adds further evidence to support the contra-
ceptive potential of low dose regimes of mifepristone.
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The effects of low daily doses of the antiprogestin mifepris-
tone (RU 486) on ovarian and endometrial function were
studied. The study included one control cycle, three treat-
ment cycles and one follow-up cycle. During the treatment
cycles, either 0.1 (n = §5) or 0.5 (n = 5) mg of mifepristone
was administered once daily. Urine samples were collected
three times weekly during the control and treatment cycles
and pregnanediol glucuronide and oestrone glucuronide
and luteinizing hormone (LH) were quantified by radio-
immunoassay. Blood samples for cortisol measurement
were collected once weekly and for serum glyvcodelin at the

onset of menstruation. An endometrial biopsy was obtained

in the mid-luteal phase in the control cycle and in the first
and third treatment cycles and analysed by morphometric
and histochemical methods. Binding of Dolichus biflorus
agglutinin (DBA) lectin was measured and expression of
progesterone and oestrogen receptors and glycodelin were
analysed immunohistochemically. All cycles studied were
ovulatory with an LH peak and elevated pregnanediol
glucuronide concentrations. Follicular development seemed
normal as judged by ultrasound examination. The length
of the menstrual cycle and the menstrual bleeding were
not significantly altered. Following administration of 0.5
mg mifepristone/day, endometrial development appeared
to be slightly retarded and glandular diameter was signific-
antly reduced. Furthermore, significant decreases in DBA
lectin binding and endometrial expression of glycodelin
were observed. Daily doses of 0.1 mg did not have any
significant effect on the endometrium. No differences in
oestrogen or progesterone receptor immunoactivity
between control and treatment cycles were seen. This study
provides further evidence that endometrial function is
sensitive even to doses of antiprogestin that are low enough
not to disturb ovulation. It remains to be established
whether these effects are sufficient to prevent implantation.
Key words: antiprogestin/endometrial, receptivity/glycodelin/
implantation/ovulation
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Introduction

Mifepristone (RU 4R86) is a potent antigestagen that blocks
progesterone action at the rereptcr level (Philibert er al., 1982).
The effects of mifepristone depend on the dose given and te
stage of the menstrual cycle. Throughout the follicular phase
mifepristone has little, if any, effect on the endometrium
but gonadotrophin concentrations, follicular development and
ovulation are suppressed (Liu er al.. 1987, Shoupe er al.
1987b: Swahn er al.. 1988). Immediately after ovulation. the
formation of corpus luteum is not affected. but the development
of secretory endometrium is retarded (Swahn er al.. 1990).
Later. during the luteal phase. bieeding occurs due to an
effect on the endometrium. while luteal regression occurs
inconsistently (Schaison er al.. 1985, Shoupe er al.. 1987a:
Garzo et al.. 1988; Swahn er al.. 1988). During pregnancy.
mifepristone acts on the decidua (Schindler er al., 1985)
and also induces myometrial activity. as well as increasing
myometrial sensitivity to prostaglandins (Swahn and Bygde-
man. 1988).

The various effects of antiprogestins on the hypothalamic-

_pituitary system_and the endometrium may be useful  for.

contraceptive purposes by inhibiting ovulation, preventing or
disrupting implantation or by inducing luteal regression and
menstrual bleeding. To date. mifepristone has been used as an
effective postcoital method of contraception (Glasier er al.
1992: Webb er al.. 1992) and in the early luteal phase as «
once-a-month pill (Gemzell Danielsson er al., 1993). If the
endometrium is more sensitive to the antiprogestagenic effect
of mifepristone compared to the ovary or the hypothalamic-
pituitary system, it is possible that a low-dose regimen could
be developed that would inhibit endometrial maturation and
prevent implantation. without disturbing ovulation and the
normal rhythm of the menstrual cycle. Intermittent or daih
treatment would be more practical than once-a-month treat-
ment, and would preclude failure due to possible individual
variations in the receptive phase. )

The aim of the present study was to evaluate this possibility
A low dose of mifepristone, 0.1 or 0.5 mg, was administered
daily and the effect on ovarian function and endometrial
development and function was studied.

Materials and methods

Subjects

In all. 10 healthy women were studied after giving informed consent
They were all menstruating regularly, aged 27-40 (mean 35) yean
weighed 59-70 (mean 66) kg. and 0-6 (mean 3) gravida, 0-3 (mean
1.8) para. The study was approved by the ethics committee at the
Karolinska Hospital, Sweden.
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None of the women had used steroidal contraceptives or an
trautenine device for a minimum of 3 months prior to the study.
Gynaecological examination was performed on admission. The sub-
jects. who were not sterilized. were advised to use barrier methods
for contraception during the study and all subjects were asked to
Aeep daily records on any side-effects and bleeding. Serum chemistry
analyses were done at admission and at the end of treatment.

The study included one control cycle, three treatment cycles and
a follow-up cycle. During the treatment cycles, mifepristone (RU
486. Roussel Uclaf, Paris. France) was administered as daily oral
doses of either 0.1 mg (n = 5) or 0.5 mg (n = 5) at 21.00 h. The
follicular phase was defined as the period between the first day of
‘menstrual bleeding (cycle day 1) and the day of urinary luteinizing
hormone (LH) peak, both days inclusive. The luteal phase was defined
a» the period between cycle day LH+1 and the day prior to the next
menstrual period, both days inciuded. Follicular growth was monitored
once weekly by pelvic ultrasonography.

Hormone determinations

\loming ‘urine was collected three times weekly during control
and treatment cycles. The samples were analysed for pregnanediol
rlucuronide, oestrone glucuronide and LH using radicimmunoassay
«Cekan er al.. 1986). Hormone concentrations in the urine were
expressed per gram of creatinine (Metcalf and ‘Hunt. 1976). For
creatinine analysis. a commercial kit {Sigma Diagnostics. St Louis.
MO. USA. procedure no. 555) was used. In addition. all subjects
determined the LH peak 1n urine samples collected twice daily from
spproximately cycle day 10 to day LH+2 by using a rapid self-test
iClearplan: Searie Unipath Ltd., Bedford, UK).

The individual steroid concentrations were normalized around the
day of the LH peak. and the area under the curve was calculated by
the trapezoidal method for each subject and cycle for the following
penods: pregnanediol glucuronide from LH+1 to LH+1l. and
vestrone glucuronide and LH from LH-5 to LH+5.

Once weekly during treatment, at about 9.00 h, a blood sample
was obtained for measurement of cortisol (Sufi et al.. 1986). Serum
concentrations of glycodelin (Dell er al.. 1995) were measured once
monthly at onset of menstruation by immunofiuorometric assay
1Kamdriinen er al.. 1994).

Endometrial biopsy

Using a Randall curette. an endometrial biopsy was obtained from
the fundus and upper part of the uterus. A biopsy was taken in
<ontrol. first and third treatment cycles on onc of the cycle days
LH+5 to LH+8 according to the LH self-test. No cervical dilatation
or local anaesthesia was used. The endometrial material was assessed
by morphometric and histochemical analyses.

MHorphometric analyses
One part of the biopsy material was immediately fixed in Bouin's

wolution and used for light microscopic examination (x400) after

‘mbedding in paraffin wax and staining with haematoxylin. Morpho-
metric analyses were performed. measuring the numper of glands per
mm-, the number of glandular and stromal mitoses per 1000 glandular
or stromal cells respectively, glandular diameter (mm), glandular
cpithelial height (mm). the number of cells with basal vacuolization
per 1000 glandular cells, the number of pseudostratified cells. as well
4 the degree of stromal oedema, predecidualization and leukocyte
Aliltration. The findings' were used to determine the degree of
development of the endometrium and described as the day of the
«¥cle according to Johannisson er al. (1987). Microscopic evaluation
"I the samples was performed at the end of the study by one person
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who was unaware of the precise cycle day and whethsr the biops:-
had been taken in a control or a treatment cycle.

Immuno- and lectin histochemistry

A second portion of each biopsy was immediately frozer in liquid
nitrogen and kept at -70°C. It was then mounted in an embédding
medium which, in addition to non-reactive ingredients. contained
10.24% polyvinyl alcohol and 4.26% polyethylene glycul (O.C.T
Compound: Miles Inc.. Elkhart, IN, USA) at -17°C and sectioned tc 8-
10 mm using a Reichert-Jung Cryocut 1800 (Cambridge Instruments
GmbH, Nussloch, Germany). The sections were placed on glass slides
and air dried for 15-20 min before a2 10 min fixation in acetone.
Thereafter, the mounted sections were wrapped in Parafilin and stored
at =70°C until processed for immuno- or lectin histochemistry.

Progesterone receptors (PR) were detected using the Abbot PgR-
ICA monoclonal assay system (Abbot Laboratories Inc.. North
Chicago. IL, USA). Localization of oestrogen receptors (ER) was
performed with monoclonal antibodvy ERIDS (Immunotech. SA.
Marseilles. France) and the Vectastain Elite ABC immunoperoxidase
detection system (Vector Laboratories Inc.. Burlingham. CA. USA)
according to the instructions of the manufacturer.

The secretory components of the endometriyn were detected by
lectin histochemistry using biotinylated Dolichus biflorus agglutinin
(DBA) lectin at a concentration of 5 pug/ml and the Vectastain Elite
ABC immunoperoxidase detection system (Vector Laboratonies Inc.).
DBA binds to N-acetyigalactosamine and galaciose residues present
in the glandular secretion of the mid-luteal phase endometrium (Mazur
et al.. 1989). As a negative control. DBA was co-incubated with the
corresponding carbohydrate ligand at 200 mM concentration, which
completely inhibited the binding.

For the staining of glycodelin. tissue sections were treated with
phosphate-buffered saline (PBS) containing Tween 20 (0.005%). for
10 min at room temperature and then incubated with normal porcine
serum [:10 in PBS for 20 min. Immunoaffinity purified polyclonal
antibody against human glycodelin (Kidmiriinen er al., 1996) was
applied (5 pug/ml) for 1 h at room temperature. After incubation, the
slides were washed three times in PBS for 2 min. Specific binding
of the primary antibody was detected using a complex of biotinylated
porcine anti-rabbit immunoglobulins (Dako. E 353) diluted 1:300,
for 40 min. The slides were washed three times with PBS for 2 min
each. incubated with 0.6% hydrogen peroxide in methanol for 5 min
to block endogenous peroxidase activity. and then washed again three
times for 2 min each in PBS prior to incubatiop for 30 min with
avidin-biotin complex/horseradish peroxidase (Dako Laboratories.
Copenhagen, Denmark. code no. K 355) prepared according to the
instructions. After three periods of 2 min each in PBS, the peroxidase
substrate solution 3-amino-9-cthylcarbazole (ACE: Sigma Products.
St Louis, MO, USA) was added. When incubated for 5 min the
sections were rinsed with tap water, counterstained with 25% Meyers
haematoxylin (Kebo, Stockholm. Sweden) for 90 s. and mounted
with coverslips. Sections of human first trimester decidua were used
as a positive control. As a negative control, the rabbit antiglycodelin
antiserum was replaced with the immunoglobulin (Ig) G fraction of
normal rabbit serum or with PBS.

Immuno- and lectin histochemical stainings were evaluated blindly
by two independent persons, using a Zeiss light microscope at X200
magnification. Observations were made in vanious, non-overlapping
fields of the whole section in two or three labelling experiments and
included stromal, luminal and glandular cells. The cells were assigned
a score of 0'to 4 based on the number of cells specifically stained as
follows: 0 (0% positive cells); 1. very weak (<5% positive cells); 2.
weak (5-25% positive cells): 3. moderate (25-75% positive cells).
or 4, strong (>75% positive cells). A similar scoring system has
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been used by Press er al. (1988). The occurrence of specific staining
for glycodelin was scored as absent (-). weak (+). moderate (~+)
or intense (++{).

Statistics

A log-normal distribution was assumed for the steroid hormones and
LH concentrations (Gaddum, 1945). The paired r-test was used for
evaluating differences in urinary hormone concentrations between the
control and treaunent cycles. Differences in morphometric parameters.
recepior concentrations, DBA-lectin binding, glycodelin concentra-
tions and the length of the menstrual cycles and bleeding were
evaluated by using the two-tailed Wilcoxon's signed ranks test. A
P value <0.05 was considered statistically significant. The hormonal
values are presented as geometric means with 95% confidence limits.

Results .

Folliculogenesis, ovulation and cycle length

All control and treatment cycles were ovulatory, with an
LH peak and clevated progesterone concentrations and with
follicular development judged by ultrasound. The length of
the control cycle was 23-28 days. No statistical difference
could be found in cycle length between control. treatment and
follow-up cycles. However, one woman, while suffering from
influenza, experienced a prolonged follicular phase (27 days)
during the second month of daily treatment with 0.5 mg
mifepristone, while the length of her luteal phase was
unchanged (11 days). This woman completed only two treat-
ment cycles and hence her second biopsy was taken during
the second treatment month. The duration of menstrual bleeding
(4-7 days) and subjectively evaluated blood loss were unaf-
fected by treatment. No irregular bleeding or spotting were
noted, and the results of serum chemistry analyses were within
the normal range and did not differ from contro! values. Two
patients taking the higher dose complained of acne during the
first treatment month. In these subjects there were no problems
during the following treatment cycles. No other side-effects
were observed.

Hormone concentrations

An LH peak was detected by the self-test in all control and
treatment cycles. This was also confirmed by the laboratory
analyses. There was no statistical difference in the height of
the LH peak (Figure 1). Urinary concentrations of oestrone
glucuronide and pregnanediol glucuronide were not signific-
antly affected by the treatment. Plasma cortisol concentrations
were within the normal range and did not differ between the
control and treatment cycles.

Endometrial niorplwmem'c analyses

In the control cycles, there was an excellent relationship
between the calculated cycle day based on the LH peak and
the histological dating of endometrial biopsies by morphometric
analyses (Table I). Following treatment with 0.1 mg/day,
the endometrium did not differ from the normal secretory
appearance of the controls. In the higher dose group, all the
parameters included in the morphometric analysis. except for
glandular diameter, were unchanged. The diameter of the
glands was significantly reduced (P < 0.05) from a mean of
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Figure 1. Urninary concentrations (geometric means and 95%
confidence limits) of luteinizing hormone (LH) in control (C) and
first (B1), second (B2) and third (B3) treatment cycles.
Mifepristone was administered in daily doses of 0.5 mg for 3
months.

555 = 120 to 397 = 9.7 um after the third treaiment
month. corresponding to a slight retardation of endometrial
development.

Immuno- and lectin histochemistry

ER and PR were specifically localized in cell nuclei. In the
controls. steroid receptor staining was more marked in stromal
than in glandular cells. During mifepristone treatment with the
higher dose (0.5 mg/day). the number of PR tended to increase
in epithelial and stromal cells, but no statistically significant
changes were found. The ER concentration was not affected
by the treatment. In control biopsies. normal secretory function
was indicated by a high degree of DBA-lectin binding. This
binding was not significantly reduced after daily treatment
with 0.1 mg mifepristone. while there was a significantly
decreased (P < 0.01) binding during the third month of
mifepristone treatment with 0.5 mg/day (Table II).

Glycodelin in serum

Serum concentration of glycodelin was measured at the time
of menstruation (cycle day 1 * 2 days) and was in the range
of values previously reported, 22.4-74.5 pg/l (mean 45.0).
(Seppili er al., 1987; Swahn er al., 1993; Gemzell Danielsson
et al., 1996). Serum glycodelin concentrations were not affected
by 0.1 mg mifepristone daily. In the higher dose group. serum
glycodelin concentrations decreased slightly in four of the
women (range 5.2-70.7 pug/l, mean 23.3) but increased (~2-
fold) in one woman. In the latter subject, endometrial expres-
sion of glycodelin was abolished during treatment with 0.5
mg mifepristone/day.

Endometrial expression of glycodelin

In control biopsies obtained on one of the cycle days LH+5-
8 (mean 7.2), all but one specimen showed positive staining
for glycodelin localized within the glandular lumen. During
the first treatment month with 0.1 mg mifepristone daily.
no changes could be found, while the serum glycodelin
concentration seemed to have decreased in the third treatment
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Table [. Murphometnc dating of endometnial biopsies in control and reatment cycles (0.5 mg of mifepnistone daily for 3 months)

“ T - Mifepnstone. 0.5 mg daily
< omroI; : Ist month 3rd month
Subjectno.  Biopsy date*  Morphometric dating Biopsy date®  Morphometric daung Biopsy date’  Morphometnc dating
b . _*6 +6 +6 +4/5 +$5 +2/3
b +6 +6 +6 +3/4 +7 -
o, +6 +6 +6 +5/6 +7 ' +7/8 -
4 ° +6 +6 +6 +6/7 +5 +35/6
5 +5 +4/5 +8 +617 +5°¢ +3/4

. ‘Days after urinary luteinizing hormone peak.
*nsufficient material.
*Second viopsy taken during second month (see text).
Discussion

Table 1L. Dolichus biflorus agglutinin staining intensity in endometrial
glandular epithelium in control cycles and in treatment cycles in which 0.1
or 0.5 mg of mifepristone was administered once daily for 3 months (n = §
in each treatment group)

Mifepristone dose  Mean (range) labelling score

tmg)
Control Ist treatment 3rd® weatment
cvcle month month

ol 3403 3.224) 2.9 (2-3)

05 323 1.1 (0-2) 0.9 (0-2)®

“One patient had the second biopsy taken during the second month (see
text).
¢ < 0.01 (control compared to treatment months).

Table III. Endometnal glycodelin in control and mifepristone-treated cycles
s detected immunohistochemically

Subject Presence of glycodelin®
Conuol Ist month 3rd® month
0.1 mg mifepristone
1 ++ ++ ++
2 +++ ++ -
3 -+ + ++ + +
3 + + ++ -
5 + - + +
0.5 mg mifepristone
6 + + - -
7 +++ - -
8 ++ -
9 + + -
10 - + -
*Cells were assigned a score as follows: - = absent. + = weak, ++ =

moderate. +++ = intense.

®One pauent recetving 0.5 mg mifepristone had the second biopsy taken
duning the second month (see text).

cycles. The effect was more pronounced aftes treatment with
the higher dose of 0.5 mg per day (P < 0.05; Table III and
Figure 2). The single negative control sample was collected
on day LH+6. This subject had a weak (+) positive staining
for glycodelin in her first treatment cycle (0.5 mg/day) when
the biopsy was obtained on cycle day LH+7. In the last
treatment cycle, the endometrial tissue was collected on LH+6
and no staining was seen.
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Since progesterone is necessary for the establishment and
maintenance of pregnancy, antiprogestins such as mifepristone
could be expected to have a number of effects on reproductive
events. Today, mifepristone in combination with a prosta-
glandin is a well accepted and effective gon-surgical method
for termination of early pregnancy (see Bygdeman, 1995).
Studies on the effect of mifepristone on the menstrual cycle
have shown that this agent. by blocking the PR, could interfere
with both the ovarian and the endometrial function. depending
on the dose and time of administration. Ovulation can be
consistently suppressed by continuous administration of mif-
epristone in doses as iow as 2 mg/day (Ledger et al., 1992;
Croxatto et al., 1993) or 10 mg once a week (Spitz er al.,
1993). It has previously been shown that treatment with a high

dose of mifepristone (200 g) on day LH+2 will result in lack

of endometrial secretory activity. inhibited expression of 17p-
hydroxysteroid dehydrogenase, inhibited down-regulation of
PR (Gemzeil Danielsson et al., 1994; Mientausta et al., 1993),
decreased concentrations of prostaglandin F,, in uterine fluid
(Gemzell Danielsson and Hamberg, 1994) and subnormal
serum concentrations of glycodelin (Gemzell Danielsson et al..
1996), as well as increased myometrial activity at the expected
time of implantation (Gemzell et al., 1990). Stimulated
myometrial activity may also contribute to desynchronization
between embryo and endometrium (Psychioyos and Prapas,
1987). Even much lower doses of mifepristone (down to 1.0
mg) have been shown to be sufficient to inhibit endometrial
development and function, but they do not inhibit ovulation
(Batista er al., 1992; Croxatto er al., 1993). These effects of
various doses of mifepristone on its main target organs make
it potentially useful for contraceptive purposes, either by its
effects on folliculogenesis and ovulation (Baird et al., 1995;
Croxatto ef al., 1995; Kekkonen et al., 1995) or by a direct
effect on endometrium, decidua or corpus luteum to prevent
implantation or interrupt early pregnancy. To date, mifepristone
has only been shown to be effective for contraception when
used as an emergency postcoital method (Glasier et al., 1992;
Webb et al., 1992) or on a regular basis in the early luteal
phase as a once-a-month pill (Gemzell Danielsson er al., 1993).

There are now results indicating a dissociation between the
central effects of mifepristone on gonadotrophin-dependent
folliculogenesis—ovulation and the direct effect on the endomet-
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n'u'm (Croxatto et al., 1993; Gemzell Danielsson er al., 1996). 0.1 or 0.5 mg mifepristone was given for three consecutive
This opens the possibility for the development of a low-  cycles without disturbing ovulation or the normal menstrual
dose regimen that would inhibit endometrial function without  cycle rhythm. Urinary concentrations of pregnanediol glucu-
blocking ovulation. In the present study, a daily dose of either ronide and oestrone glucuronide after treatmcnb T?med
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unchanged. Treatment with the higher dose caused a slight but
obvious retar jauon of .ndomeuial maturation at the expected
ume cf implantaticn. Th's was refleted by decreased glandular
diameter. In agreement with the histological changes, there
was a reduced DBA binding to tie endometrial glands.
indicating a reduced secretory activity. Even a minor change
in secretory activity may result in lack of implantation, since
successful implantation depends on synchronization between
the embryo and the development of a receptive endometrium
(Davies er al., 1990). The importance of precisely timed
functioning of the endometrium is further supported by the
studies of Lessey er al. (1995). who investigated the expression
of integrins as markers of endometrial maturation and uterine
receptivity.

Glycodelin (Dell er al.. 1995), also known as placental
protein 14, is a glycoprotein with immunosuppressive and
contraceptive activities (Julkunen er al.. 1988: Okamoto er al..
1991: Oehninger er al.. 1995). In the endometrium. glycodelin
i secreted into the glandular lumen and uterine fluid around
the peri-implantation period. Glycodelin concentrations in
serum start to rise in the mid-luteal phase. reaching a maximum
at the onset of the next menstrual period. If the luteal phase
1s inadequate. the circulating concentrations are lower (Joshi
et al.. 1986). Reduction in serum glycodelin following treat-
ment with mifepristone has previously been reported (Gemzell
Danielsson er al.. 1996). and following treatment with mifepris-
tone in combination with tamoxifen (Swahn er al.. 1993).
However. measurements of circulating concentrations of glyco-
delin do not seem to predict a receptive endometrium (Wood
et al.. 1990). and recent evidence also indicates that glycodelin
15 not endometrium-specific. It is synthesized in haematopoetic
ussues of the bone marrow (Kidmiridinen er al.. 1994) and
perhaps other tissues. A more valuable method of assessing
endometrial function might be to analyse glycodelin expression
in an endometrial biepsy or in uterine fluid (Rizk er al.,
1992: Mackenna ez al.. 1993). Measurement of glycodelin in
endometrial tissue or uterine fluid may better reflect endomet-
rnal function than the concentration in plasma. since influence
by extrauterine sources of the protein is avoided.

In the present study. serum glycodelin decreased during
treatment with 0.5 mg mifepristone per day, except for one
subject. in whom serum concentrations increased. In this
subject. endometrial glycodelin was abolished by mifepristone
treatment. The increased serum concentrations may thus have
been due to the increased extrauterine release of glycodelin.
The endometrial expression of glycodelin was significantly
decreased following daily administration of 0.5 g mifepristone.
An explanation for the single glycodelin-negative control
Bropsy is probably that this biopsy was obtained too early
(cycle day LH+6). The same woman had a weak positive
biopsy during the first treatment month when the biopsy was
collected on day LH+7. The results of this study lend further
support to the view that progesterone plays a role in endometrial
glycodelin synthesis.

In a previous study. mifepristone. was given as an
intermittent low dose of 2.5 or 5 mg once a week for 2
months. staruing on cycle day 2 (Gemzell Danielsson er al..
1996). Ovulation was not inhibited but could occasionally
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be delayed for 6-13 days. The length of the luteal phase
was unaffected. A dose of 5 mg of mifepristone once a
week was sufficient to disturb endometrial development and
secretory activity significantly and to inhibit the down-
regulation of PR normally occurring during the luteal phase.
Endometrial morphology. PR concentration and serum
concentrations of glycodelin were affected to a lesser extent
with the lower dose. That the effect of low-dose treatment
with mifepristone on the endometrial function observed in
this and the previously mentioned study could prevent
implantation is supported by the resuits of Katkam er al.
(1995). who studied the effect of the antiprogestin onapristone
(ZK 98.299), given in low intermittent doses to bonnet
monkeys. Four animals treated with 2.5 mg onapristone for
17 cycles and another four treated with a 5 mg dose for
21 cycles did not conceive, while one animal treated with
5 mg became pregnant in the first treatment cycle. In the
majority of cycles. ovulation was not disturbed but anowvul-
ation and luteal insufficiency occurred in some animals
during prolonged treatment. Endometrial biopsies from 8
days after the midcycle oestradiol peak ghowed retardation
with decreased glandular diameter.

It is unlikely that the skin problem noted by two women
treated with 0.5 g/day could be a direct result of the
treatment because no problems with acne were noted for
daily treatment with 200 mg mifepristone in 10 patients
with meningeomas (Lamberts er al.. 1991). Furthermore,
mifepristone has very low affinity for the androgen receptor
and it does not bind to transcortin or sex hormone-binding

'mifepristone required to produce antiglucocorticoid effects

are higher than those needed for anti-progestagenic activity
(Shoupe er al., 1987a). Treatment with 2-10 mg mifepristone
for 30 days had no effect on the peripheral concentration
of cortisol or adrenocorticotrophic hormone (Ledger et al.,
1992; Croxatto er al., 1993), and serum cortisol was not
affected by mifepristone treatment in the present study.

It is believed that progestins suppress oestrogen action in
the endometrium by down-regulating ER. Daily treatment
with 50 mg mifepristone for 6 months resulted in increased
ER concentrations in the stroma and cystic changes consistent
with oestrogenic effects (Murphy er al. 1995). The
significance of this ‘unopposed oestrogen’ effect during
treatment with antiprogestin needs to be investigated further.
However. both onapristone and mifepristone have the ability
to antagonize the action of oestrogen on the endometrium
in primates (Van Uem er al.. 1989). The immunoreactivity
of ER and PR was unchanged after mifepristone treatment
in the present study. and no signs of endometrial stimulation
were found. ) '

The present study clearly shows that endometrial secretory
activity is sensitive even to such low doses of an antiprogestin
that do not disturb ovarian function and ovulation. Further-
more, the concentrations of ER and PR were unaffected by
the treatment and no signs of endometrial stimulation were
recorded. It remains to be shown that the effects observed
here on endometrial secretory activity also inhibit endometnial
receptivity and implantation.
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ABSTRACT: The effect of a low dose of mifepristone (RU486) on ovarian

and endometrial function was studied in 14 healthy women.

The study included one control and two treatment cycles.

During the treatment cycles, either 2.5 mg(n=9) or Smg

(n = 5) of mifepristone was administered once weekly. The

concentration of ovarian steroids and luteinizing hormone

(LH) in urine was measured daily, cortisol in blood once

weekly and glycodelin (placental protein 14; PP14) at the

time of menstruation. Ovarian function was monitored by .

vaginal ultrasound. An endometrial biopsy was taken in each

cycle in the mid-luteal phase, based on self-measurement of

the LH peak, or on cycle day 22 if no LH peak could be

detected. In the evaluation of the results. the outcome of

the enzyme immunoassay of LH was used to date the biopsy.

Endometrial progesterone and oestrogen receptors and

Dolichus bifiorus agglutinin (DBA) lectin binding were

measured. Ovulation was not inhibited by treatment with

mifepristone, and an LH peak could be determined in all

control and treatment cycles. However, in four subjects (one

with the higher and three with the lower dose) the

follicular phase was prolonged by 6-13 days. The duration of

the luteal phase and the concentrations of pregnanediol and

oestrone glucuronide were not affected by treatment. A dose

of 5 mg, and to a lesser extent 2.5 mg, mifepristone once

weekly caused desynchronization of endometrial development.

Endometrial progesterone receptor, but not.oestrogen

receptor, concentration was significantly increased by the

higher dose. A significant reduction in DBA-lectin binding

and in serum glycodelin concentrations was also found. Thus,

low doses of mifepristone do not inhibit ovulation but delay

endometrial development and impair secretory activity.

Whether these effects are sufficient to prevent implantation

remains to be established.
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Cervical Ripening With Mifeprisfone Before
Labor Induction: A Randomized Study

P. L. GIACALONE, MD, V. TARGOSZ, MD, F. LAPFARGLIE, MD, G. BOOG MD, AND

J. M. FAURE, MD

Objective: To determine the efficacy and safety of mifepris-
tone for cervical ripening in post-term pregnancies.

Methods: Women with post-term pregnancies and Bishop
scores less than 6 were assigned randomly to mifepristone
(41 patients) or placebo (42 patients). Mifepristone was given
orally in a dose of 400 mg. Efficacy was assessed by change
in the Bishop score within 48 hours after treatment; a score
of 6 or greater was considered a “strict” success. An “extend-
ed” success rate was defined, including all patients with
scores of at least 6 or those who delivered within 48 hours of
treatment. Antenatal safety was assessed by fetal heart rate
testing before and throughout labor. Neonatal safety was
assessed by Apgar score, arterial or venous pH of cord blood,
and blood glucose level during the first 48 hours. Analysis
used Student t test for continuous variables, Kruskal-Wallis
test for ordinal data, and x* for categoric variables.

Results: Strict success was achieved in 10 of 18 mifepris-
tone patients (55%) evaluated for Bishop score on day 2
versus 8 of 29 placebo patients (27.5%) (P = .004). Extended
success was achieved in 33 mifepristone patients (80.5%) and
21 placebo patients (50.0%) (P = .004). There were no
statistical differences with regard to number of cesareans or
fetal and neonatal safety.

Conclusion: Mifepristone proved effective for cervical rip-
ening and reduced the time to delivery compared with
placebo, but it did not improve the rate of cesarean. Our
study did not include enough pregnancies to reach conclu-
sions about fetal or neonatal safety. (Obstet Gynecol 1998;
92:487-92. © 1998 by The American College of Obstetri-
cians and Gynecologists.)

Some abnormal maternal or fetal conditions require
labor induction at the end of gestation, but induction
can be difficult when cervical conditions are unfavor-
able. Prostaglandins (PGs) administered locally in the

.

From the Department of Obstetrics and Gynecology, Hopital Arnaud
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genital tract induce cervical ripening and facilitate labor
induction,! but they sometimes cause adverse effects.
Mifepristone (RU 486) is a steroid that has antipro-
gesterone properties and is used for early pregnancy
termination.’ During clinical trials, it was noted that
mifepristone softened and dilated the uterine cervix.?
This effect, observed during the first and second trimes-
ters, facilitated cervical dilation in surgical terminations
of first-trimester pregnancies, reduced the doses of PG
needed, and shortened the time necessary for fetal
expulsion in terminations of second-trimester pregnan-
cies.** When administered at a dose of 600 mg/day for
2 days, mifepristone is capable of inducing labor and
fetal expulsion in patients with dead fetuses.® In a
clinical studv of women at term with amenorrhea

ranging from 37.5 to 41.4 weeks, mifepristone was
effective for initiating labor and ripening the cervix
when administered in two doses of 200 mg at 24-hour
intervals.” In light of these findings, we wanted to
investigate whether a single dose of mifepristone could
induce labor, ripen the uterine cervix, and facilitate
induction for post-term pregnancies.

Mifepristone has antiglucocorticoid properties that
show no clinical consequence in adults, even at high
doses (up to 2 g in a single dose) or in prolonged
administration (200 mg/day for 3 months).® Because it
crosses the placenta,’ its tolerance by the fetus and
neonate must be evaluated carefully. The antiglucocor-
ticoid activity of mifepristone might be responsible for
hypoglycemia in neonates. The preliminary data-avail-
able are reassuring; for example, in a study in mon-
keys,'° the neonates were normal. In two preliminary
studies in women, the neonates appeared normal and
had no signs of hypoglycemia.”?

The aim of this study was to evaluate the efficacy of a
single dose of 400 mg of mifepristone for cervical
ripening in women who required labor induction for

0029-7844/98/$19.00 487
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post-term pregnancy and to assess its fetal and neonatal
safety during the first days of life.

Subjects and Methods

From January 1991 to February 1992, this randomized,
double-blind, placebo-controlled study was conducted
in two centers, Montpellier University Hospital and
Nantes University Hospital, France. The protocol was
approved by the institutional ethics committee, and all
patients gave informed written consent before inclu-
sion. The patients were women who required labor
induction for post-term pregnancies (gestational age at
least 41 weeks + 3 days). Subjects eligible for inclusion
were those with unfavorable cervical conditions (Bish-
op score less than 6) in whom labor induction could be
postponed for 48 hours. Exclusion criteria included
contraindication to vaginal delivery (placenta previa,
breech or transverse presentation, or narrow pelvis);
multiple pregnancy; uterine weakness as a result of
uterine corporeal scar or high multiparity (more than
four deliveries); premature rupture of the membranes;
fetal heart rate (FHR) abnormality (bradycardia, vari-
able decelerations, late decelerations, or severe tachy-
cardia); impaired renal, adrenal, or hepatic function;
corticosteroid therapy during pregnancy; and abnor-
mality of hemostasis or anticoagulant treatment.

Forty-two subjects were included in each center, for a
total of 84, divided equally between mifepristone and
placebo treatments. Of these 84 women, one assigned to
mifepristone could not be included because of loss of
the case report form and hospital records. Therefore,
analysis of efficacy and safety involved 41 women in the
mifepristone group and 42 in the placebo group. Treat-
ments were assigned randomly using a balanced ran-
domization list obtained by permutation blocks and
were administered in a one oral dose. The placebo
consisted of two tablets packaged in individual bottles
of identical appearance to the active product. Each
bottle had a registered number in accordance with the
random list. Each center was supplied with 42 packs.
The randomization code for each subject was kept
sealed in an opaque envelope, to be opened only in case
of emergency for proper medical care of the patient.
After verification of the inclusion and exclusion criteria,
the patient was given an entry number and a bottle
bearing the number.

Three visits were scheduled: one on day 0 for admin-
istration of 400 mg of mifepristone (Roussel-Uclaf,
Paris, France) or placebo, one on day 1 fot evaluation of
the Bishop score (and induction if the score exceeded 6),
and one on day 2 for hospitalization. In each center,
Bishop scores were assigned by the same obstetricians.
Each obstetrician was blinded to the group assignment,
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as were all persons involved in intervention (eg. nurses
and rediatricians), outcome assessment, and data anal-
ysis. If labor was not induce within 48 hours after
treatment, there were two possibilities. If the Bishop
score was at least 6, thé patient was hospitalized x’o.r
labor induction with oxytocin and rupture of the mem-
branes 2 hours after the onset of regular uterine con-
tractions; if the Bishop score was less than 6, spontane-
ous induction or cervical ripening was considered to
have failed..Each center was ther free to use its usual
induction techniques. In each center, the physician
managing the patients in labor was the same one who
had evaluated the Bishop scores. '
Efficacy was assessed by change in the Bishop score,
evaluated on day 0 before administration of treatment
and on days 1 and 2. A Bishop score of 6 or more within
48 hours after administration of treatment was defined
as a “strict” success of cervical ripening. An “extended”
success rate was also defined, including all patients
with Bishop scores of at least 6 plus any who delivered
within 48 hours after treatment. Any other situation
was considered a failure. Efficacy was also assessed by
the interval between administration of treatment and
onset of labor (effective uterine contractions with cervix
dilated to 3 cm) and between administration of treat-
ment and delivery. The time of onset of labor was
assigned prospectively for each patient. The cumulative
dose of oxytocin administered during labor and the
number of cesareans were also used as efficacy. criteria.
Antenatal safety was assessed by recording FHR on
day O for 1 hour before treatment, on day 1, on day 2
before induction, and throughout labor. Neonatal safety
was assessed by’ Apgar score and clinical examination
at birth and by measurement of arterial or venous pH of
cord blood. During the first 2 days of life, the neonatal
blood glucose level was measured with Dextroxtix
(Bayer SA, Diagnostics Division, Puteaux, France) once
daily before one feeding bottle out of two and with the
glucose oxidase method. Cortisol and mifepristone lev-
els were measured in cord blood. A follow-up visit was
scheduled for the neonate 1-2 months after birth.
Compliance with the protocol was evaluated on a
case-by-case basis to assess whether observations were
evaluable. The main subject characteristics in each
group were compared by the Student t test. The
Kruskal-Wallis test was used for comparison of Bishop
scores on days 1 and 2, median doses of PGE; and
oxytocin, interval between treatment and onset of labor,
and interval between treatment and delivery (excluding
cesarean). The distribution of intervals was compared
by log-rank test. The strict and extended success rates

on days 1 and 2, types of delivery, and percentages of
patients receiving adjuvant treatments for induction or
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Table 1. Efficacy of Mifepristone on Second Day

Mifepristone Placebo
Characteristic (n = 41) (n = 42 P
Total number of 28 (68.3") 14 (33.3%) 004°
spontaneous labors
Patients with Bishop 8(19.5%) 21 (50.0"») 004°
score <6 at 24 and 48 h
Bishop score
Median 6 5
Range 3-13 1-8 035"
Data are presented as n (%) or as noted.
* )2 test.

' Kruskal-Wallis test.

acceleration of labor were each compared by x* test. P <
.05 was considered statistically significant.

Results

There were no statistical differences (mean * standard
deviation [SD]) between the mifepristone and placebo
groups with regard to maternal age (28.5 = 4.3 and

28.3 * 5.0 years, respectively) or gestational age at .

delivery (41.5 = 0.2 and 41.6 = 0.2 weeks, respectively).
In each group, 20 patients were nulliparas and none had
previous cesareans. The distribution of pregnancies and
deliveries did not differ significantly between the
groups. The median Bishop score was 3 (range 1-5) in
each group. )
The comparative efficacy of the two regimens is
reported in Table 1. Eighteen of 41 patients in the
mifepristone group had an evaluation of the Bishop
score on day 2, compared with 29 of 42 patients in the
placebo group. Strict success for cervical ripening was
achieved for ten mifepristone subjects compared with
eight in the placebo group (55.5% versus 27.5%, respec-
tively; P = .004). Spontaneous onset of labor on days 1
and 2 was significantly more frequent in patients
treated with mifepristone than with placebo. Among
the 23 remaining patients from the mifepristone group
whose Bishop score on day 2 was not evaluated, seven
delivered before day 1, 12 delivered on day 1, and four
delivered on day 2 before evaluation of the score.
Among the 13 patients in the placebo group whose
Bishop score on day 2 was not evaluated, six delivered
before day 1, four delivered on day 1, and two delivered
on day 2, including one by cesarean, before evaluation
of the Bishop score; one delivered after day 2 without
evaluation of the Bishop score. , ‘
The extended success rate for cervical ripening within
48 hours after drug administration was also signifi-
cantly higher in the mifepristone group than in the
control group and was achieved for 33 patients and 21
patients, respectively (80.5% versus 50.0%; P = .004).
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On day 2, the need for adjuvani treat.ient for cervical
ripening was significantly lower in the miifepristone
group than the control grcup (19.5% veisus 0%, re-
spectively; P = .004). After the last evaluation of the
Bishop score on day 2, and before cervical ripening ~r
labor induction with oxytocin, five palients went into
labor spontaneously in the mifepristone group, versus
four in the placebo group. Finally, cervical ripening was
obtained by intracervical adminiciration ol PGE, in
seven patients in the mifepristone group and 17 patients
in the placebo group (17% versus 40.5%, respectiv-ly;
P = .004). There was no statistically significan! differ-
ence between the mean dose of PCE, used in each
group.

Onset of labor in the mifepristone group occurred
significantly faster (median [range]) than in the placebo
group (31.7 [9.5-117.8] versus 53.9 [2.5-192.0] hours;
P = .02). The characteristics of labor are reported in
Table 2. Nineteen patients in the mifepristone group
and 25 in the control group received oxytocin to induce
labor (46.3% versus 59.5%, respectively). Among pa-
tients who delivered vaginally, the amouht of oxytocin
required to induce labor and to accelerate labor was not
different between the groups. Among the 33 patients
with extended success in-the mifepristone group, four
(12.1%) cases of uterine hypertonia were reported dur-
ing infusion of oxytocin. None of these women had
received PGE,. Among the 21 placebo-group patients,
none experienced uterine hypertonia (P = .26). There
was no statistically significant difference between the
number of cesareans in the mifepristone and placebo
groups (seven and six, respectively).

Two cases of FHR abnormality were noted on day 1
in the placebo group. These involved a nonreproducible
deceleration observed during a contraction in one case
and a moderate fetal tachycardia in the other case. No
abnormalities were observed on days 0 and 2 in the two
treatment groups.

During’ labor, 17 cases (41.5%) of FHR abnormalities
were observed in mifepristone patients. These involved
two cases of moderate tachycardia, five cases of nonre-
producible bradycardia, three cases of nonrecurrent late
decelerations, and seven cases of severe FHR abnormal-
ities. The latter included one case of recurrent late
decelerations (decelerations after three or more consec-
utive contractions) and six cases of progressive brady-
cardia. Among these seven patients, three required
cesarean and four required an obstetric maneuver for
delivery (forceps or vacuum extractor). Seventeen cases
(40.5%) of FHR abnormalities were observed in the
placebo group. These involved two cases of moderate
tachycardia, three cases of nonreproducible bradycar-
dia, five cases of nonrecurrent late decelerations, and
seven cases of severe FHR abnormalities; the latter
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included two cases of recurrent late decelerations and
five cases of progressive bradycardia. Among these
seven patients, four required cesarean and three re-
quired an “obstetric maneuver for delivery (forceps,
vacuum extractor, episiotomy). There was no statisti-
cally significant difference between the groups in the
frequency of FHR abnormalities.

Table 3 presents neonatal outcomes. At 1 minute,
three neonates (7.3%) in the mifepristone group and
two (4.8%) in the placebo group had Apgar scores less
than 7. At 5 minutes, all achieved Apgar scores above 7.
The pH of the umbilical cord was measured in one
center only and in 41 neonates. Three neonates in the
mifepristone group and two in the placebo group had
an umbilical artery blood pH less than 7.20, but in all
cases the umbilical venous blood pH exceeded 7.20 and
the Apgar score was at least 7 at 1 minute and 9 or 10 at
5 minutes. One neonate had a pH of 7.1, but the source
was not specified; the Apgar scores were both 10.
Considering neonatal blood glucose levels, and assum-
ing the threshold of hypoglycemia by the glucose
oxidase method as a value of 40 mg/dL, one (2.4%) and

Table 2. Labor Data

Mifepristone Placebo
Characteristic (n = 41) (n = 42) P
Interval between treatment and
onset of labor (h)
Median 3.7 53.9. 02*
Range 9.5-117.8 2.5-192.0
Interval between treatment and
delivery (h) (excluding
cesareans)
Median 313 58.5 02°
Range . 13.2-123.3 58-193.7
Type of delivery
Normal 25 (61%) 30(71.4%)
Instrumental 9 (22%) 6 (14.3%
Cesarean 7 (17%) 6(14.3%) NS'
Severe FHR abnormality 3 4
Arrested dilation 4 0
Arrested dilation plus FHR 0 1
abnormality
Failed trial of labor* ] 1
Cervical ripening in patients 7 (17.1%) 17 (40.4%) NS’
with Bishop score <6
Adjuvant treatment for labor 19 (46.3%) 25(59.5%) NS'
induction
Cumulative oxytocin dose
during labor (IU)
Median - 3 3
Range 0.4-10 0.9-10 Ns*

NS = not significant; FHR = fetal heart rate.

Data are presented as median and range or 1 (%).

* Kruskal-Wallis test.

' test.

¥ Cervical dilatation did not exceed 3 cm, in the absence of FHR
abnormality.
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Table 3. Neonatal Data

Mifepristone Placebo
Characteristic (n = 41) (n = 42) P

Birth weight (g) 3418 = 380 3502 = 304 NST
Apgar score <7

1 min 3(7.3%) 2(4.8%) NG

5 min 0 0
Transferred to a pediatric ward 5(12.2%) 4 (9.5%) NS'
Umbilical venous pH <7.2 1 - 0 NS'
Umbilical artery pH <7.2 3 2 NS*
Dextrostix* <40 mg/dL)

Day 1 12(29.3%) 15(35.7%) NS'

Day 2 7(17.1%) 8(19.0%) NS’
Glycemia <40 mg/dL

Day 1 1(2.4%) 6 (14.3%) NS'

Day 2 1(2.4%) 1(2.4%) NS'

NS = not significant.

Data are presented as mean = standard deviation or n (%).
* Student ! test.

' )P test.

* Bayer SA, Diagnostics Division, Puteaux, France.

six (14.3%) cases of hypoglycemia were observed, re-
spectively, in the mifepristone and placebo groups on
the first day of life. On the second day of life, one case
of hypoglycemia was observed in each treatment group.
Cortisol and mifepristone levels were measured in
umbilical cord blood. Median (range) cortisol levels
were higher in mifepristone patients than in placebo
patients (153.5 [42-537] versus 94.5 [28-223] nmol/L).
The coefficient of correlation between the time to deliv-
ery and cortisol levels was —0.41.(P = .012). The effect
of mifepristone on the corticotropic axis was perceptible
during the first 48 hours after administration; cortisol
values then reverted to the values observed in the
placebo group. In the placebo group, there was no
correlation between time to delivery and cortisol levels
(y = .018, P = .279). The mean mifepristone levels in
cord blood were approximately 0.25 mg/L within 48
hours after treatment. Levels decreased by half between
48 and 72 hours and then became very low (0.04 mg/L)
after 72 hours. Mifepristone levels in cord blood de-
creased significantly as the interval between treatment
and delivery increased (y = —-049, P = .005). The
coefficient of correlation between the cortisol and mife-
pristone levels was significant (y = 0.47, P = .007).
Postnatal safety was evaluated in 76 infants during
visits scheduled for 1-2 months after birth. In total,
seven abnormalities were reported, five of 38 (13.2%) in
the mifepristone group and two of 38 (5.3%) in the
placebo group, but this difference was not statistically
significant (P = .42). In the mifepristone group, we
noted one case of surgically corrected congenital heart
disorder (interventricular septal defect), one case of
insufficient weight gain, one case of fracture of the left
clavicle with an extensive bony callus, one case of
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buccal aphtbosis, and one case of insufficient increase in
the cranial perimeter between birth and the postnatal
visit. In the placebo group, one case of hyperexcitability
and one case of renal malformation (ureteropelvic ob-
struction) were reported.

Discussion

This study demonstrated significant efficacy of mife-
pristone for cervical ripening and induction of sponta-
neous labor within 48 hours after drug administration.
Our findings are consistent with the results observed by
Frydman et al,” although they used a different protocol.
They administered 200 mg of mifepristone daily for 2
days instead of 400 mg in a single dose, and induction
of labor was scheduled at 72 hours instead of 48 hours.
In addition, the inclusion criteria in their study’ were
different from ours, as only 48% of the patients had
post-term pregnancies and the others had various ob-
stetric conditions (ie, preeclampsia, fetal growth retar-
dation, fetal macrosomia, isoimmunization, or maternal
disease). In their study,” 54.5% of patients in the mife-
pristone group went into labor within 72 hours after the
first administration of treatment, and the mean interval
(= SD) between the beginning of treatment and the
onset of labor was 51.75 * 26.75 hours. The results were
slightly better in our study, with spontaneous onset of
labor occurring in 68.3% of mifepristone patients and
the median interval between administration of mife-
pristone and the onset of labor being 31.7 hours. These
differences occurred in part because the subjects in our
study were post-term and, therefore, labor induction
was easier in them than in the patients of Frydman et
al,” who were preterm or post-term. Administration of
mifepristone in our study in a single dose instead of two
doses might also have produced a more rapid effect.
Differences in the maternal conditions necessitating
labor induction might also explain the higher percent-
age of cesareans in the previous study”: 33% in each
treatment group’ versus 17% and 14% in the mifepris-
tone and placebo groups, respectively, in our study. The
percentages of women requiring cervical ripening by
PGE, were similar in the study by Frydman et al” and
our own: 27% and 17% in the mifepristone groups,
respectively, and 58% and 40% in the placebo groups,
respectively.

In the previous study” and ours, no differences were
observed between the mifepristone and placebo groups
in the percentages of FHR abnormalities’ or neonatal
pathologic conditions. In our study, neonatal hypogly-
cemia was not more frequent in the mifepristone group
than in the placebo group, so the antiglucocorticoid
activity of mifepristone does not appear to have adverse
effects on blood glucose regulation in neonates.
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In our study, more women had uterine hypertonia
after oxytocin in the mifepristone group than with
placebo: four of 33 versus zero of 21 patients, respec-
tively. Uterine hypertonia is a known complication of
oxytocin administration. Given the limited number of
patients and the lack of significant difference (P = 2¢)
between the mifepristone and placebo groups, it is
difficult to assess whether pretreatment with mifepris-
tone increases the risk of uterine hypertonia during
oxytocin infusion. Power analysis indicated that 42
patients would be required in each group to confirm
this difference, with an « error of 5% and a B error of
10%. In the study reported by Frydman et al,” no case of
uterine hypertonia was reported. In a study conducted
in the second trimester of pregnancy,'' pretreatment
with mifepristone sensitized the uterine muscle to the
action of PGs but not oxytocin. The response may be
different in the third trimester of pregnancy because of
the increase in the number of oxytocin receptors. There-
fore, it is important to monitor uterine activity closely
during oxytocin administration in patients pretreated
with mifepristone.

Our study had at least one limitation. This study was
done to provide preliminary results about the safety
and efficacy of a single oral dose of mifepristone. The
data concerning rare complications or events should be
interpreted with caution. It should be noted that had
more women been enrolled, a statistically significant
difference between the groups might have been ob-
served regarding criteria for antenatal and neonatal
safety. Power analysis indicated that 1890 patients
would be required in each group to detect a 2.5%
difference in Apgar score at 1 minute, with an a error of
5% and a B error of 10%. Concerning postnatal safety,
power analysis indicated that 270 patients would be
required in each group to detect an 8% difference, with
an a error of 5% and a f8 error of 10%. Further studies on
larger numbers of patients should be done to determine
the optimum dose of mifepristone for cervical ripening
before labor induction, to assess the rate of antenatal or
perinatal complications, and to compare mifepristone
with other regimens that induce cervical ripening and
labor.
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ABSTRACT: The anthor conducted a survey of pharmacists’ beliefs
regarding abortion and mifepristone (RU-486) to determine
pharmacists’ perceptions of the cthical dilemmas posed by
the use of abortifacients in the United States and to
determine whether and how these ethical dilemmas affect
practice. The sample was nonrandom and included religiously
oriented pharmacists from a variety of practice settings,
approximately two-thirds of whom were women. The results
indicated a plurality of beliefs about abortion rarely
evident in the public debate. Although the sample supported
pharmacists’ nght to refuse to dispense abortifacients, *
slightly more than half (51%) of the respondents stated that
they themselves would not refuse to dispense abortifacients.
Most respondents (56%) believed that abortion should remain
a legal option, with slightly fewer respondents (50%)
supporting the position that RU-486 should be made available
in the United States. Support for abortion was proportionate
to the gravity of the reason underlying the decision to
abort, with the sample tending to avoid absolutistic
positions. These findings tend to dispel the stereotypes and
myths regarding abortion beliefs in that two-thirds of the
sample were Catholic and 96% of the sample rated religion as
extremely or somewhat significant in their life.
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Medical Options for Early
Pregnancy Termination

MARJ1 GOLD, M.D., DENISE LUKS, PHARM.D., and MATTHEW R. ANDERSON, M.D.

Montefiore Medical Center, Bronx, New York

Newly developed protocols using metho-
trexate and misoprosto!l are more than S0
percent effective in terminating pregnancies
of less than seven weeks of gestation. Ma-
jor side effects include cramping and bleed-
ing. In a significant minority of women, the
abortion is completed only after a pro-
longed wait. Nonetheless, abortions com-
pleted with methotrexate and misoprostol
have been well tolerated and acceptable to
patients. Mifepristone (formerly called RU
486) will soon be available in the United

States. When used with misoprostol,

mifepristone successfully terminates 94 to
99 percent of early pregnancies.

In the United States, one half of pregnan-
cies are unplanned and one half of women
with unplanned pregnancies choose to
have an abortion. As a result, 1.5 million
elective abortions are performed each year.'!
A family physician is often the first person
with whom a woman discusses her preg-
nancy. The family physician plays a signifi-
cant role in confirming the pregnancy and
discussing her options. .

In the past two decades, various combina-
tions of medications that induce abortion
have been studied. Regimens involving
mifepristone (formerly called RU 486) and
misoprostol (Cytotec) are currently used
worldwide.* Mifepristone has recently been
approved for this indication by the U.S.
Food and Drug Administration, although it
may be some time before the drug becomes
available on the U.S. market.

See editorials on pages 351 and 356.

Regimens using intramuscular metho-
trexate and vaginal misoprostol have been
used successfully in the Unifed States>*
and represent a-new option for pregnancy
termination available to clinicians.

Most women come for pregnancy con-
firmation very soon after they have
missed a menstrual period. In the United
States, 53 percent of abortions are already
performed within eight weeks of the last
menstrual period, and 89 percent of abor-

tions are currently performed during the ©~ "

first trimester.! Medical abortion is appro-
priate only in pregnancies within 49 days
of the last menstrual period; many
women request a termination during this
time.

Abortifacients

The termination of unwanted pregnan-
cies has historically been a concern of
women and health care providers. In the
past several centuries, many agents and
modalities have been touted for their
“menses-inducing” properties.®

In current practice, the agents used in
medical abortion are methotrexate, miso-
prostol and mifepristone.

METHOTREXATE

Methotrexate, a dihydrofolate reduc-
tase inhibitor, is toxic to trophoblastic tis-
sue. It is believed that damage to the tro-
phoblast loosens its connection to the
endometrium and decreases trophoblast
production of human chorionic gonado-
tropin. Recognition of these toxic effects
led to cures of choriocarcinoma using
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very high doses of methotrexate.” In the
1980s, methotrexate was used in the treat-
ment of ectopic pregnancy, where it was
effective and well tolerated.®

In 1993, the first report of methotrexate
used as an abortifacient in early uterine
pregnancy was published.® As of this writ-
ing, methotrexate use for abortion in more
than 1,300 patients has been reported.

MISOPROSTOL

Misoprostol is a synthetic prostaglandin
E, analog approved in the United States
for prevention of gastric ulcers. The drug
is well absorbed from the gastrointestinal
tract, as well as from the vaginal mucosa.
Misoprostol softens the cervix and stimu-
lates uterine contractions; for this reason, it
has been used as an adjunct in medical
abortion. Although it has been used as a
single agent, it is more effective when used
in combination with other drugs.'
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MFTHOTREXATE PLUS MISOPROSTOL

Protocols using both methotrexate and
misoprostol result in completed-abortion
rates of 89 to 98 percent.>* Two thirds to
three quarters of women abort within 24
hours of either the first or the second dose
of misoprostol.

MIFEPRISTONE

Mifepristone is an antiprogestin. By antag-
onizing progesterone receptors in the
endometrium, mifepristone caases decidual
breakdown and detachment of the embryo.
It also increases myometrial response to
exogenous prostaglandins. As a result,
myometrial contractions are enhanced in
both amplitude and frequency. These actions
ultimately cause sloughing of the uterine lin-
ing and expulsion of any tissue in the uterus.

Mifepristone in combination with a pros-
taglandin is currently approved for use in
medical abortion in France, the United
Kingdom, Sweden and China. Worldwide,
more than 200,000 women from 20 coun-
tries have received this combination thera-
py for abortion. Although FDA-approved
for this purpose, mifepristone is not yet
available in the United States.

Advantages of Medical Abortion

Medical abortion can be offered at an ear-
lier stage than a suction procedure. Women
choosing this approach can avoid weeks of
anxiety, nausea and other pregnancy symp-
toms while waiting for a surgical procedure.
Many women report feeling more in control
when they choose a medical regimen.”

Medical abortion is private. Only the
woman and her physician need be involved
in the dedision. With medical abortion, nei-
ther the woman nor her physician are in a
position to be subjected to the harassment
that at times has occurred at locations
where surgical abortion is performed.

The current political environment has
created a situation in which 84 percent of
American women live in counties where
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there is no surgical-abortion provider.'?

Availability of medical abortion may offer -

more women access to a safe procedure in
a familiar environment.

Disadvantages of Medical Abortion

Medical abortion takes longer to com-
plete than a surgical procedure, which is
completed within minutes. A medical
abortion is an “induced miscarriage,”
and the course is less predictable. Bleeding
and cramping may last for several hours
or days. Women may miss one or two
days of work or school during this time.
Nausea, vomiting and /or diarrhea also
occur, although these symptoms are gen-
erally mild and well tolerated. From 10
to 20 percent of women have delays of
more than two weeks before the abortion
is completed. Rarely, women bleed ex-
cessively and require a suction procedure.

Surgical abortions are 98 to 99 percent
successful. Regimens using methotrexate

with misoprostol are 90 to 95 percent suc-
cessful. The combination of mifepristone
and misoprostol is more efficacious, with
completed abortion rates of 94 to 99 per-
cent.'*'> Women who choose medical
treatment must be made aware that they
will need a suction procedure if the prod-
ucts of conception are not completely
expelled.

If the medications do not induce an abor-
tion and the woman decides to continue
the pregnancy, she should be aware that
fetal anomalies have been 4ssociated with
use of misoprostol.!*'There is also a theo-
retic risk of birth defects from either
methotrexate or mifepristone exposure.

Counseling

Unless it is against their personal
beliefs, physicians should be prepared to
counsel women about the advantages
and disadvantages of medical abortion
(Table 1). Women who have experienced

TABLE 1

Comparison of Different Forms of Pregnancy Termination

Termination type Efficacy (%) Complications

Cost

Spontaneous Bleeding and cramps; incomplete None, if complete
abortion expulsion with need for suction
procedure
First-trimester 98 to 99 Bleeding and cramps; retained $200 to $700,* depending
surgical abortion tissue; reaction to anesthesia (rare) on location and type of
physician
Methotrexate/ 89 to 98 Bleeding and cramps; abdominal Two to three office visits;
misoprostol pain; nausea and vomiting; diarrhea; medication costst;
(Cytotec) prolonged wait; failure of abortion transvaginal sonogram
Mifepristonez 94 to 99 Bleeding and cramps; abdominal Two to three office visits;
(formerly called ~ pain; nausea and vomiting; diarrhea;  medication costs;
RU 486)/ ’ prolonged wait; failure of abortion transvaginal sonogram
misoprostol

*—Based on average costs i the New York City area.

+—Four tablets of misoprostol cost about $3.00. One dose of methotrexate costs 5§8.00 t0-510.00 Estimated cost to
the pharmacist based on average wholesale prices in Red book. Montvale, N.J.: Medicat Economics Data, 1997. Cust
to the patient will be higher. depending on prescription filling fee.

t—Not yet available in the United States.
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either medical or surgical abortions are
generally satisfied with the procedure
they have chosen. A recent review of 12
studies found that 64 to 95 percent of
women who had undergone a medical
abortion would select that method
again." Psychiatric morbidity after surgi-
cal abortion is low and is no greater after
medical abortion.'®

It is important to stress to women con-
sidering abortion that, when properly per-
formed, neither surgical nor medical abor-
tions adversely affect future fertility. A
complete discussion of contraceptive op-
tions should be part of the initial counsel-
ing session.

Family physicians should consider their
personal reactions to medical abortion.
Phiysician beliefs and preferences influence
the counseling they offer to patients. If the
woman'’s personal physician chooses not
to offer abortion counseling or medical
therapy, patients requesting an abortion
should be referred elsewhere.

A Suggested Protocol
for Medical Abortion

In all medical abortions, it is essential to

,obtain accurate gestational dating. Al-

though mifepristone/misoprostol abor-
tions are approved in England for use in
pregnancies up to nine weeks’ (63 days)

_ gestational age, medical abortion is most

successful within 49 days of the last men-
strual period. To ensure accurate dating,
vaginal sonography is recommended. A
baseline serum beta-human chorionic
gonadotropin (BHCG) measurement
should be obtained, and a bimanual pelvic
examination should be performed. Other
required laboratory tests include a base-
line hematocrit, and determination of
blood type and Rh factor. Women who are
Rh-negative should receive Rh, (D)
immune globulin (Gamulin, Hyprho-D,
Rhogam). .

A protocol for methotrexate/misopros-
tol-induced abortions is outlined in Figure 1.

Allergy to one of ihe medications is a con-
traindication.. Methowrexate is administered
intramuscularly in a dosage of 50 mg per m?
of body curface. -

Patients are instructed to avoid taking
folate-containing vitamins for a week after
the methotrexate injection.

Six to seven days after the injection, the
patient inserts four tablets of misoprostol,
200 pg each (a total of 800 pg), into the
vagina; the patient may do this at home.
The patient should lie down for 30 min-
utes after inserting the tablets. If no bleed-
ing occurs within 24 hours, the patient
may insert another four misoprostol
tablets, 200 ug each.

Protocols involving mifepristone are
quite similar. Mifepristone is taken orally
on the first day. Three to four days later,
misoprostol is inserted vaginally.

Women should be seen by their physi-
cian in one to two weeks so the completion
of the abortion can be assessed. This can be
done either by using vaginal ultrasonogra-
phy or by checking serial BHCG levels.

-Women who have not bled or who have

evidence of continued pregnancy can be
given another dose of 800 pg of misopros-
tol following the same protocol used the
first time.

Women whose sonograms demonstrate
embryonic cardiac activity two weeks af-
ter methotrexate administration should
be offered a suction procedure. Women
whose sonograms reveal a nonviable-preg-
nancy should be offered the options of
a suction procedure or further trials of
misoprostol.

Women undergoing medical abortion
may experience severe cramps and/or
bleeding. Many women achieve adequate
pain control with acetaminophen
(Tylenol), 1,000 mg every four to six hours
(maximum dosage per 24 hours: 4 g); other
women require acetaminophen with
codeine. Nonsteroidal anti-inflammatory
drugs should be avoided because they
reduce the synthesis of prostaglandins’
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No bleeding ','-'j o

l

Patient is given the option

I

Suction procedure Repeat attempt: 800 pg misoprostol

(Cytotec), vaginally

a3

Follow-up at one to two weeks ?

O <

R

. L8
Misoprostol-induced bieeding; moniter 0
hematocrit and vital signs as needed; TR

obtain serum BHCG ' "rr.
| - - ét:
l I s
>50% decrease <50 % decrease a7
in serum BHCG in serum BHCG

l .

Continue to monitor urine BHCG

I

l |

Negative at 2 to 4 weeks Positive at 2 to 4

Lo

Obtain transvaginal ultrasonography

|
1 }

Cardiac activity Nonviable pregnancy
2 weeks after initiation 1

Suctior procedure  Consider suction procedure or
recommended repeat doses of misoprostol

| | |

(sonogram or urine BHCG negative); initiate contraception as appi'd;iﬁat'e b
’ RS o4

v ¥
Abortion completed

FIGURE 1. Steps to follow when iﬁitial attempt at medical abortion fails. (BHCG = beta human chorion-
ic gonadotropin)

and may be associated with increased  suction curettage, they must identify a col-
bleeding. league who is available to perform suction
Physicians who offer medical abortion  abortions.
must have facilities for surgical abortion 1, ,uihors thank their’ colleagues for reviewing the
available as back-up for their patients. If manuscript, with special thanks to Eric Schaff, M.D..
they do not have the skills to perform a  for sharing his data and protocol.
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Mifepristone (RU 486)

Current Knowledge and Future Prospects

Jeffrev R. Goldberg, MD: Marcus G. Flescia, MD, MPH; Geraldine D. Anastasto, PharmD

ifepristone (RU 486) has received recent attention for its effects as an abortifa-

- cient. Mifepristone has not yet been approved for use in the United States. The Food

and Drug Administration issued an “approvable letter” in September 1996, but mife-

pristone will not be available in the United States until a new manufacturer is found.

Experience with mifepristone is extensive in Europe, and there have been retrospective studies
and large, controlled clinical trials of its efficacy. It is most efficacious when administered to women
who are less than 8 weeks pregnant, in a single 600-mg oral dose followed 48 hours later by ad-
ministration of intravaginal misoprostol. This regimen kas a success rate of 98%, as do most sur-
gical abortive procedures. The most frequent adverse effect is painful contractions, which occur in
up to 93% of women, with oral analgesia required in a5 many as half the cases. Large-scale surveys
of women who elected medical abortjon reported high patient satisfaction. Mifepristone is likely
to have additional clinical uses. Researchers are exploring mifepristone’s potential uses in cervical
ripening and labor induction; contraception; delivery after intrauterine demise; treatment of breast
cancer, unresectable meningioma, and prostate cancer; amelioration of endometriosis; and man-

agement of Cushing syndrome.

Since its discovery and introduction in
the early 1980s, the progesterone and
glucocorticoid antagonist mifepristone
(RU 486) has been studied for a myriad
of clinical conditions. It has also caused
great controversy. Although the drug is
known (both ciinica:ly and jolitizally)
for its abortifacient effects, researchers
have also studied its effects on cervical
ripening, labor induction, delivery of
stillborn fetuses, breast cancer, unresect-
able meningioma, prostate cancer, endo-
metriosis, and Cushing syndrome.'"!"
Mifepristone has also been referred to as
a contragestational agent because it pre-
vents pregnancy both before and after
conception. Until recently, mifepristone
was not available for clinical use or

From the Department of Family Practice, Carolinas Medical Center, Charlotte, NC
(Drs Goldberg, Plescia. and Anastasio): Charlotte Arca Health Education Center

(Drs Plescta and Anastasio); and School of Pharmacy (Dr Anastasio) and Department
of Familyv Medicine, School of Medicine (Drs Plescia and Anastasio), University of
North Carolina. Chapel Hill. Dr Goldberg is now with Pro Health Physicians, Family

Medical Group. Bristol. Conn.
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" research purposes in the United States.

However, it has been prescribed for more
than a decade in Europe and extensively
studied in a large, unblinded, nonran-
domized clinical trial in France.! Its
pharmacology, clinical efficacy, and tol-
erability have been extensively character-
ized. Despite the highly charged political
controversy, rccent federal regulatory
activity indicates that mifepristone will
soon be available for clinical use in the
United States.? This article will provide
the practicing physician with a brief
overview and summary of the clinical
effects of mifepristone and what the
future may hold for this compound.

PHARMACODYNAMICS

Mifepristone was originally designed by
the French pharmaceutical company
Roussel-Uclaf (Romainville, France) as
a glucocorticqid antagonist and was
only serendipitously found to have anti-
progesterone effects. Many of its poten-
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rig] effects aue still under active
reseaich.’ Mifepristone has 3 pri-

" mary pharmacological effects:

endowetriai, gonadotropic, and
adrenocortical.

Endometrial Effects

Mifepristone acts as a progesterone
antagonist by competing with en-
dogenous progesterone for recep-
tor binding. It binds with very high
affinity (2 to 10 times that of pro-
gesterone) to these receptors.* In the
absence of progesterone, however,
mifepristone can act as a partial ago-
nist.> The putative molecular mecha-
nism has not been proved. There is
evidence that it involves a confor-
mational change in the mifepristone-
progesterone recepior complex that
rendarsitinactive and unatle to pro-
mote transcription of cellular DNA 3
Because progesterone receptors are
fouad primarily in reproductive or-
gans, mifepristone exerts its princi-
pal effect on the uterus.® Mifepris-
tone blocks the effects of natural
progesterone on the endometrium
and decidua. This leads to degen-
eranon and shedding of the endo-
metrial lining, thereby preventing
or disrupting implantation of the
conceptus.® Mifepristone also in-
creases both uterine production of
prostaglandins and uterine sensitiv-
ity to the contractile effects of pros-
taglandins.’ It is postulated that mife-
pristone acts directly on the uterine
muscle through an entirely sepa-
rate mechanism, p« -haps by increas-
ing gap junctions in the myome-
trium.® Tissue culture studies have
shown that mifepristone continues
to display procontractile effects on
the uterus even when the effects of
prostaglandins are neutralized by
treatment with indomethacin.*

Gonadotropic Effects

The effects of mifepristone on the
hypophysial-ovarian axis have also
been studied and reported in the lit-
e-atur=. Most of thrse s-udies irves-
tgated the drug as a contraceptive
as oppased to an abortifacient.® This
distinction is important clinically as
well as politically. Mifepristone has
differing effects on the usual hor-
monal milieu when it is adminis-
tered during the menstrual cycle.

MIF 007496

When given during the follicular
phase it is capable of inhibiting fol-
liculogenesis and, subsequently, the
normal luteinizing hormone surge
for the hypothalamus. This results
in an ongoing anovular phase. Safety
issues with such a major alteration
in normal female hormonal pat-
terns require further investiga-
tion.?

Adrenocortical Effects

Mifepristone has antiglucocorti-
coid effects by binding to glucocor-
ticoid receptors with an affinity that
is 2 to 3 times that of dexametha-
sone. It interferes with cortisol bind-
ing to tissue in the hypothalamus.
This blocks normal negative feed-
back mechanisms and causes a com-
prnsatory incrrase in serum levzels
oi both cortisol and corticotropin. In
addition, the drug binds to cortisol
receptors in the periphery and there-
fore blocks the effects of circulat-
ing cortisol in target tissue.® Higher
doses of mifepristone are needed to
produce this antiglucocorticoid ef-
fect as opposed to an antiprogestin
eifect.** Because Blockade in the pe-
riphery is opposed by increased cor-
tisol and corticotropin secretion, no

" reports of clinically significant rela-

tive corttsol deficiency have been re-
ported when it has been used as an
antiprogestin—even with long-
term use at'mfepristone for several
weeks. Mitepristone has almost no
affinity dr estrogen, androgen, or
mineralocorticoid receptors.

PHARMACOKINETICS

Mifepristone has a bioavailability of
70% after oral admipistration. Peak
plasma concentrations are reached in
1 to 2 hours after a single oral dose.
It has a half-life of approximately 20
to 30 hours. The pharmacokinetics
of mifepristone are nonlinear. Se-
rum drug concentrations increase
progressively after oral doses from 50

_to 100 mg, but no further increases
“oceur after doses of 100 tc 800 mg.

This finaing 1s paitly expained by the
progressive saturation of a;-acid gly-
coprotein, the serum binding pro-
tein for mifepristone. The unbound
mifepristone is quickly metabolized
in the liver by a 2-step process, de-
methylation and hydroxylation, with
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melabolites detectable in plasma
about 1 hour after oral ingestion.” The
concentration of metabolites in-
creases in a dose-dependent man-
ner. Metabolites bind to progester-
one receptors with an affinity of 10%
to 20% that of the parent com-
pound. These metabolites probably
contribute little to the pharmaco-
logic effect-of mifepristone. Both
mifepristone and its metabolites are
excreted primarily in the feces via the
biliary system. Little is cleared by the
kidneys.**® Mifepristone crosses the
placenta. The maternal-fetal ratio in
plasma is approximately 9:1.*

USE IN PREGNANCY
TERMINATION

Most research and clinical experi-
ence with mif=pristone involves its
use as an abortifacient. Initial pilot
studies and subseéuent clinical tn-
als have been done primarily by in-
vestigators in France. Early studies
investigated the use of mifepris-
tone (then known as RU 486) alone
for the termination of early first-
trimester pregnancies.*°® Success
was defined as complete expulsion
of the conceptus without the need
for any “rescue”-type surgical pro-
cedure. All other outcomes (ongo-
ing pregnancy, incomplete abor-
tion, or the necessity for a hemostatic
surgical procedure) were consid-
ered failures. These early studies
used mifepristone in various doses
over variable durations (50-800 mg
over i to 7 days’ in women with
amenorrhea for less than 9 weeks.
Results were variable but showed
clinical success in only 50% to 85%.
Success rates were lower in women
with high quantitative f-human
chorionic gonadotropin levels, ie,
those who had been pregnant longer.
In fact, those with B-human chori-
onic gonadotropin levels greater than
19800 IU/L were 2.8 times as likely
to have treatment fail as those with
B-human chorionic gonadotropin
levels less than 6358 1U/L.® It was
suhsequently shown in larger stud-
v - auc 0y re.rospecidve obseiva-
tion that the maximal success rate
was achieved with a single dose of
600 mg of mifepristone adminis-
tered to women who had been amen-
orrheic for less than 42 days (which
is 2 weeks of missed menses).*®°
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~Prostaglandins piay a major role
in st'mulating .ter.ne ccatraction
Resuits of tissuc studies have shown
increased sensitivity of the uterus to
prostagiandins when thev are ad-
ministered with iifepristone. En-
dogcnous prostaglandins cause regu-
lar uterine contractions beginning
trom 24 10 36 hours after adminis-
rration of rifepristone. These finc-
ings led 10 the developmen of se-
quential administration regimens of
mifepristone and a low dosc of pros-
taglandin analogue admimstered 36
10 72 hours later " Studies using dif-
fering types of prostaglandins. ad-
ministered orally. vaginally, or by the
intramuscular route, showed clini-
cal success rates of 96% or greater
in women with amenorrhea for 49
days or less.”'" " One studyv prosved
that vaginal administration of mi-
soprostol (Cyvtotec. a svnthetic pros-
taglandin E1 araloguc: G. D. Scarle
& Comgany. Skckie. H) was more
effective and better tolerated than
oral administration '

The most recently pubhished
study is a prospective clinical trial of
166 subjects in the Unuted States. A
regimen of oral mifepnstonc. 600 ing.
followed 48 hours later by home ad-

ministration of misoprostol. 800 mg,

(as four 200-mg tablets) intravag:-
nally. was evaluated for pregnancy
termination at up to 8 weeks of ges-
tation (56 days or less by transvagi-
nal sonogram).'* Of the subjects. 82%
were white. their mean age was 27
vears. and the mean gestatuonal age
was 6 weeks 1 dav. If the gestational
sac was still present on ultrasound at
7 days. a repeated dose of misopros-
tol was acministered. Complete i:bor-
von occurred ir. 98% of the sub-
jects. Only 4% of subjects required a
second dose of misoprostol.

SIDE EFFECTS AND
ADVERSE OUTCOMES

The most frequent adversc effcct 15
abdomnal pain durning the 4-hour
period after administration of the
prostaglandin analogue. This 1s re-
ported in up to 93% of women and
has been shown to increase propor-
uonally with increasing prostaglan-
din dose.' Pain generally responds
to oral analgesia and is signifi-
cantly less than for abortive at-
tempts using prostaglandins alone.' !
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Posteoltal Contracsption
Regimen N
Glaster et al*
Mitepristone, 600 mg 402 0 395 26
Ethinyl estradiol, 100 yg. 398 1.0 60.0 171
plus norgestrel. « mg ’
Wabb et al's N |
Mitesriswine, 630 i 197 S 35.5 "5 §
Ethinyl estradiol, 100 ug. 19 26 69.6 20
plus levonorgestrel. 500 pg
Danazol 193 47 300 kR

In the most recent study, one third
of the 166 subjccts reported nausea
with both medications and 68% used
an oral analgesic. Other side effects
include vomiting (19%). diarrhea
(22%). cramping (91%), dizziness
(37%). headache (19%). and [ever,
warmth. or chills (37%). However.
96° of the subje~ts agreed that the
procedure “wert well.” and 90%
agreed that home adminisjration of
tusoprostol was acceptable.'?

Serious bleeding requiring
transfusion occurs in less than 1%
of patients. This rate 1s equal to or
lower than that cited for most large
series of abortions by vacuum tech-
nique but underscores the need to
provide ready access to after-hours
care and close follow-up.*

It 15 recommended that intra-
uterine pregnancy be confirmed be-
fore use of mifepristone. since it 1s not
known to be an effective treatment of
ectopic pregnancy. There have been
no reports of teratogenicity in hu-
mans treated with mifeprisione. How-
ever. those wom:n in whom therapy
fails should uncerge surgical wbor-
uon because of concerns zbout fetal
mal{ormations in animals.

OTHER CLINICAL USES

Postcoital Contraception/
Contragestation

Currently there are several highly el-
fective methods in prevention of

* pregnancy after a single episode of

unprotected intercourse. These in-
clude both high-dose estrogen alone

and estrogen-progestogen combina-’

tions, sometimes referred to as “the
morning-after pill.” These treat-
ments are effective only before im-
plantation of the conceptus and are
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most effective within 72 hours of coi-
tus. Mifepristone is effective regard-
less of implantation and can be ad-
ministered up to 12 to 17 days after
intercourse.® In repeated studies, a
single 600-mg dose of mifepristone
alone has been shown to be 94% to
100% effective for preventing preg-
nancy when administered almost
anyvtime before exnected date «f
menses.’ ¥ Two studies compared
the effecuveness of mifepristone with
that of other treatments as a post-
coital contraceptive (Table). Mife-
pristone was as effective as the other
treatments and produced fewer side
effects."*
These findings suggest that a
regimen of monthly mifepristone
could be used as a regular contracep-
tive treatment. dlowever. monthly ad-
ministrauon of mifepristone often al-
ters the timing of the subsequent
month's cvcle. making tts use diffi-
cult and impractical as a monthly
birth-control device ®'®

.

Cervical Ripening

Mifepristone. as a single 600-mg
dose. causes softening and dilation
of the cervix. Studies have shown
that the drug reduces the amount of
objective and subjective force nec-
essary to dilate the cervix in prepa-
ration lor first-trimester surgical
abortions without the mechanical
problems of laminaria tents or the
side effects and medical contraindi-
cations of prostaglandins.>® Cervi-
cal softening has been shown to
decrease the morbidity of the pro-
cedure. In several studies of second-
trimester pregnancy termination,
mifepristone administration has
been shown to drastically decrease
the time from prostaglandin admin-
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istraticn to expul<ion f the coneep-
tus.’ At this iime, however, there 2re
cnly vreiiminary studies and more
data are needed befo.c this use can
be recomniended

Intrauterine Fetal
Death/Nonviable
Early Mregnancy

Several studies have shown that
mifeg.istone ticatment can induce
labor faster than placebo in cases of
intrauterine fetal death. In addi-
tion, mifepristoiie niay be useful in
the treatment of early pregnancy fail-
ures associated with in vitro fertil-
ization and artificial insemination or
implantation techniques used for in-
fertile couples. Nonviable pregnan-
cies pose a risk of coaguloparhy if the
pregrancy temains in thz u;erus lor
more than 4 weeks. In 1 »relimi-
nary study, a single 600-mg dose of
mifepristone resulted in uteringe
evacuation in 100% of patients with
failed embryo transfer.”*

Labor Induction

In a randomized, double-blind study
on the proposed use of mifepris-
tone, 200 mg daily for 2 days, for la-
bor induction in 62 postdate preg-
nancies, 18 (58%) of 31 treated with
mifepristone compared with 7 (23%)
of 31 who received placebo went into
spontaneous labor. The interval 1o
the start of labor was shortened. the
need for prostaglandin use was re-
cuced, and the amount of oxytocin
needed decreased. Questions about
untoward effects on the fetus need
to be resolved before this treatment
can be recommended on a large
scale *?

Unresectable Meningioma

Meningiomas have large concentra-
tions of progesterone receptors. As
with breast cancer, which has been
shown to be responsive to anties-
trogens, patients with unresectable
meringicmas have oeer trrared with
mifepristone for long periods. In 1
small series of 13 patieats, treat-
ment with 200 mg of mifepristone
daily resulted in minor tumor re-
gression in 5 patients and stabiliza-
tion in an additional 5.** Several
other small series have also shown
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promise, and there is ongoing re-
search in this area.

Endometriosis

It is known that there are proges-
terone receptors on endometrial 1m-
plants in women with endometrio-
sis. Small. uncontrolled trials have
shown that mifepristone can de-
crease pain in women with diag-
nosed endometriosis. Yet, there was
no objective decrease in the extent
of ectopic endometrial implants on
follow-up laparoscopy.®

Cushing Syndrome

The fact that mifepristone is a glu-
cocorticoid receptor antagonist
makes it a plausible drug for treat-
ing invpcrabic Cushing syndrome
caused by ectopic corticotropin se-
cretion or adrenocortical carcino-
mas. Mifepristone binds to cortisol
receptors and blocks the effect of ex-
cess cortisol in the circulation. Larger
doses of mifepristone must be used
to obtain the antiglucocorticoid ef-
fect. Typical doses have ranged from
5 to 22 mg/kg. In a few case stud-
1es, various peripheral markers of
relative hypercortisolism have im-
proved after long-term treatment
with miifepristone.'”

GCONCLUSION

No discyssion of mifepristone would
be complete without allusion to the
intense olitical, ethical, and moral
controversy that it has engendered.
Many scientific authorities agree
with Weiss® when he states: “If RU
486 were not an abortifacient, its
other potential uses would clearly
make it an important new drug, wor-
thy of clinical investigation and pos-
sible introduction into the Ameri-
can pharmacopeia.™ The discussion
on either side of the issue, as with
all controversy surrounding abor-
tion, is highly charged and emo-

tional. Mifepristone has not yet been

anareed {or use in the United
States, it will not be avaiiable in the
United States until a new manufac-
wurer is found. Mifepristone is safe
for the patient and an effective abor-
tifacient. We as clinicians must
be informed about this drug—
regardless of our personal views.
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Review

MEDICAL ABORTION IN EARLY
PREGNANCY: A REVIEW OF THE
EVIDENCE

David A. Grimes, MD

Objective: To review the literature on medical abortion in
early pregnancy.

Data Sources: 1 performed a MEDLINE search, supple-
mented by bibliographies of articles and textbooks. In
addition, investigators in the field were consulted to identify
other sources. The review was limited to reports in English
or French concerning antiprogestins or methotrexate used
either alone or in combination with a prostaglandin.

Methods of Study Selection: Only those mifepristone stud-
ies with 100 or more participants were included. Those
participants who received the prostaglandin sulprostone
were excluded because this drug is no longer used with
mifepristone. Methotrexate studies of any size were in-
cluded. All reports were categorized by study type, and the
evidence was evaluated using the U.S. Preventive Services
Task Force rating system.

Tabulation, Integration, and Results: Both mifepristone
and methotrexate, when used with a prostaglandin, can
induce abortion safely in early pregnancy. Class 1 evidence
supports a class A (good) recommendation that oral, single
mifepristone doses of 200 mg and 600 mg have similar
efficacy when used with a prostaglandin. Sequential and
single-dose regimens have comparable efficacy. Vaginal mi-
soprostol at 800 ug as an augmenting agent appears superior
to the same dose given orally. With methotrexate abortion,
800 ug of misoprostol given vaginally 7 days after metho-
trexate is superior to the same dose given 3 days after. In
addition, methotrexate in combination with misoprostol is
more effective than misoprostol alone.

Conclusion: Medical abortion with mifepristone or meth-
otrexate in combination with a prostaglandin is safe and
effective. However, the risk of hemorrhage and gastrointes-
tinal side effects is greater with medical abortion than with
suction curettage. Further research should be done to com-
pare mifepristone and methotrexate abortions, to determine
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the upper gestatioral age limit, and to find the best way o
provide this service in the U.S. health care system. (Obste|

. Gymecol 1997:89:790-6. © 1997 by The American College of

Obsgetricians and Gynecologists.)

In 1988, the licensing of mifepristone (RU 486) for use as
a medical abortifacient in France began a new era in
fertility control. Currently used for early abortion in
France, the United Kingdom, Sweden, and China, mife-
pristone should be available soon in other European
countries—and in the United States. In March 1996, the
United States Food and Drug Administration received a
New Drug Application from the Population Council for
the marketing of mifepristone and misoprostol. The
Food and Drug Administration’s Reproductive Health
Drug Advisory Comumittee has judged it safe and
effective as an abortifacient, and full approval is ex-
pected. However, some U.S. and Canadian physicians,
responding to patients’ requests for medical abortion in
early pregnancy, already have began to offer metho-
trexate and misoprostol abortions as an alternative.

Women' and their clinicians® are increasingly inter-
ested in medical abortion. Depending on the gestational
age limit for mifepristone abortions,~as many as
800,000 U.S. women annually might be candidates for
the drug; surveys suggest that use among these women
may be high.? In anticipation of the licensing of mife-
pristone, this review will .update clinicians about the
efficacy, safety, and side effects of medical abortion
with regimens using mifepristone or methotrexate.
Thorough reviews of the pharmacology, mechanism of
action, acceptability, and other medical uses of mife-
pristone have appeared elsewhere.*® Although pre-
treatment with mifepristone can prepare the cervix for
suction curettage abortion and augment labor-induc-
tion abortions, this review will consider its use only for
early first-trimester abortion.

Materials and Methods

I performed a MEDLINE search back to 1980 using the
key words “mifepristone,” “methotrexate,” and “earl¥
abortion.” This was supplemented by a MEDLINE
author search. Other sources included reference lists:
review articles, and investigators in the field. The re
view was limited to reports in English and French.
1 reviewed studies of the regimens of mifepristone i
combination with a prostaglandin and methotrexat®
with or without a prostaglandin. Because sulprostone 1
no longer used to augment mifepristone abortions.’
omitted studies using this prostaglandin. Because failed
attempted abortion is infrequent, 1 included only tho*®
mifepristone studies with 100 or more participants
However, because experience with methotrexate 15 lim-
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red. [ included studies of any size witn this ager.. [
red.

gsed public-domain software (Epilnf~ €; Centers for .

msease Contro! and Preveution, Atlanta, GA) to calcu-
ate relative risks (RRs) and confidence uitervals (Cls)
ror comparative studies, and exact biromial 95% Cls for
rates of complete abortion.

Lsing the U.S. Preventive Services Task Force grad-
ng sctieme.® [ evaluated the quality of the evidence and
the strength of recommendations possible concerning
medical abortion. Class I evidence consists of at least
one properly done randomized controiled triai. Class
{I-2 evidence includes that from well-designed cohort or
case-control studies, and class Il includes descriptive
studies, such as case reports and case-series reports.
Based on the evidence, I graded the strength of recom-
mendation possible: A, good evidence to support a
conclusior;” B, fair evidence in support; and C, insuffi-
cient evidence to recommend for or against.

Results

Table 1 lists selected randomized controlled trials®-'®
that have evaluated mifepristone regimens. In 1991, the
World Health Organization (WHO)® found similar effi-
cacy with repeated small doses (25 mg each) of mife-
pristone or a single large dose (600 mg). One woman
among nearly 400 required a blood transfusion.

Two trials examined the feasibility of lowering the
mifepristone dose. A Scottish trial'® showed equal effi-
cacv with a single dose of either 200 or 600 mg.
However, the modest sample size (220 participants)
limited the power of the trial to detect differences. In a
similar trial,'' the WHO compared 200-, 400-, and
600-mg doses of mifepristone, each with the same
gemeprost augmentation, and the three regimens had
similar success rates. This latter trial had a power of
80 to detect a 5% difference in efficacy, assuming a
95% success rate with the 600-mg regimen, with a of .05.
There were no important differences with respect to
side effects or changes in blood pressure.

In another trial from Scotland, the prostaglandin dose
was divided in an attempt to reduce the gastrointestinal
side effects.'? The efficacy of mifepristone, 200 mg
orallv, followed by misoprostol at 800 ug was slightly
higher than that of mifepristone followed by 400 ug of
misoprostol and another 400 pg in 2 hours. However,
the rates of vomiting and diarrhea were higher as well.

A multicenter Chinese trial'® examined three different
regimens, each with a success rate of 94 -97%. However,
this study also established that mispprostol is less
noxious than the prostaglandin PGO5 as an augment-
ing agent. For example, the RR of diarrhea among
women given repeat doses of mifepristone followed by
misoprostol was 0.6 (95% CI 0.4, 0.8) compared with
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those giver the came ‘aifepristone regimens followed
9y vagna: PGO5. similarly, the RR of severe vomitin
{three ¢ - morc episodes) was 0.1 (957 (| 0.05, 0.4).

Investigators in Aberdeen showed the superiority of
vaginal miscprostol over oral administration as an
Zugmenting agent.'* In this randomized controljed trial,
participants’ received 800 ug of misoprostol, either
orally or vaginally, 36-48 hours after a 600-mg oraj
dose of mifeprstone. The vaginal route provedsuperior
in all respects. The likelihood of needing curettage was
2.5 times higher (95% CI 1.1, 5.8) with oral than with
vaginal misoprostol. Both vomiting (RR 1.4; 95% C} 1.0,
2.0) and diarrhea (RR 2.0; 95% CI 1.3, 3.1) were more
frequent with oral administration of the prostaglandin.

Another randomized trial from Edinburgh' com-
pared 200 mg oral mifepristone augmented 2 days later
by either 0.5 mg of gemeprost vaginally or 600 ug of
misoprostol orally. Rates of complete abortion up to 63
days’ gestation were comparable for these regimens
(97% and 95%, respectively).

Several cohort studies'®~'® have compared mifepris-
tone regimens. Peyron et al'® compared two different
regimens of mifepristone and misoprostol. Women who
received a single dose.of oral misoprostol had a higher
risk of failed attempted abortion (RR 2.4; 95% CI 0.9,
6.5) than those who received an optional second dose of ,
misoprostol. With misoprostol, efficacy rates were high,
yet pain appeared to be less than in studies using other
prostaglandins. Gastrointestinal side effects were fre-
quent, however.

Henshaw et al'” provided unique information by
comparing medical abortion with vacuum aspiration in
the same institution. Suction curettage was more effec-
tive than mifepristone in combination with gemeprost
in achieving abortion up to 63 days of amenorrhea. The
likelihood of needing subsequent curettage with the
medical regimen was 2.8 times that with initial suction
curettage (95% CI 0.9, 8.7). In contrast, the risk of
infection requiring antibiotics was lower with medical
abortion (RR 0.6; 95% CI 0.3, 1.3). However, the inves-
tigators did not use prophylactic antibiotics, which
reduce significantly the risk of febrile morbidity after
suction curettage abortion. Significantly more women
having medical abortion received parenteral analgesia
(35% versus 2%).

An Indian study'® compared four different combina-
tions of mifepristone and vaginal meteneprost (9-
methylene-PGE,). Complete abortion rates ranged from
77% to 92%. Nine participants had to drop out of the
trial because of complications: Six had profuse bleeding
(one requiring transfusion) and three had excessive
vomiting. One woman with a failed attempted abortion
continued to term and delivered a normal infant.

Case-series reports'®~?’ have examined the use of
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